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Introduction 


The  cyclin  dependent  kinase  inhibitor  (CKI)  p27  is  a  negative  regulator  of  the  cell  cycle 
and  a  potential  tumor  suppressor  gene.  p27  deficient  mice  develop  pituitary  tumors  and 
display  increased  body  size  suggesting  a  growth-inhibitory  function  in  vivo.  In  contrast 
to  traditional  anti-oncogenes  like  the  CKI  pl6,  no  homozygous  deletions/mutations  of  the 
p27  gene  have  been  found  in  cell  lines  or  in  human  tumors.  p27  levels  slowly  decrease  as 
cells  are  stimulated  to  enter  the  cell  cycle,  primarily  as  a  result  of  an  accelerated 
degradation  of  the  protein  regulated  post-translationally  by  ubiquitination  and  subsequent 
degradation.  p27  is  expressed  in  resting  cells  in  a  variety  of  tissues.  Interestingly,  our 
preliminary  data  suggest  that  its  expression  in  the  prostate  may  be  regulated  by 
androgens.  In  addition,  we  have  recently  determined  that  p27  loss  is  associated  with  poor 
prognosis  in  prostate  cancer.  The  mechanism  whereby  it  is  inactivated  appears  to  involve 
its  targeted  degradation  by  tumor  cells,  which  requires  the  ubiquitin-proteasome  pathway. 
Selective  degradation  of  proteins  through  ubiquitination,  however,  is  a  reversible  process. 
Isopeptidases  (de-ubiquitinating  enzymes)  remove,  rather  than  add,  ubiquitin  thus 
stabilizing  their  protein  substrates.  This  novel  family  of  enzymes  has  numerous  members 
which  share  only  a  few  conserved  catalytic  motifs,  raising  the  exciting  possibility  of  a 
high  degree  of  substrate  specificity.  The  aim  of  this  proposal  is  1)  to  determine  whether 
p27  is  regulated  by  androgens  in  normal  and  neoplastic  prostate  utilizing  a  well 
established  animal  model;  2)  to  study  the  expression  of  p27  in  both  androgen  dependent 
and  independent  human  prostate  cancer;  3)  to  assess  the  expression  of  novel 
isopeptidases  involved  in  the  regulation  of  the  ubiquitin-proteasome  pathway  and  identify 
those  enzymes  with  a  strong  association  with  p27  and  its  degradation;  4)  to  address  to 
what  extent  isopeptidases  modify  proliferation  and/or  G1  arrest  in  cultured  prostate 
cancer  cells.  Concomitant  use  of  androgens  to  induce  p27  and  modification  of  p27 
degradation  through  isopeptidases  represents  a  novel  approach  aimed  at  prostate  cancers 
that  have  become  resistant  to  androgen  ablation. 
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Body 


Research  accomplishments  based  on  the  approved  Statement  of  Work 
•  Specific  Aim  1 

To  determine  whether  testosterone  regulates  the  expression  of  p27  in  normal  and 
neoplastic  prostate. 

The  goal  of  this  specific  aim  was  to  use  the  androgen-stimulated  castrated  Noble  rat 
prostate  rat  model  to  investigate  whether  androgens  regulate  the  levels  of  p27  in  the 
regenerating  gland. 

Two  weeks  after  castration,  3-months-old  rats  (7  rats/condition)  were  treated  by 
I.M.  testosterone  (T)  injections  (6.6  mg/kg)  and  sacrificed  at  12,  24,  48,  72,  and  96  hours. 
Controls  included  7  intact  and  7  castrated  untreated  rats.  Prior  to  sacrifice,  rats  were 
injected  I.P.  with  BrdU.  The  prostate  lobes  (ventral  and  dorso-lateral)  of  each  animal 
were  harvested  separately  and  processed  for  use  in  various  assays  (immunoblots, 
degradation  and  kinase  assays,  immunoprecipitations,  quantitative  real-time  PCR, 
immunohistochemistry).  Western  blot  experiments  showed  that  (1)  p27  protein  levels  are 
markedly  higher  in  the  prostate  of  castrated  untreated  rats  than  in  that  of  intact  animals, 
(2)  a  transient  drop  in  p27  levels  is  observed  after  12-24  hours  of  treatment  followed  by 
3)  an  increase  of  p27  levels  at  48-72  hours. 

The  mechanisms  of  regulation  of  p27  protein  expression  by  androgens  were 
investigated  at  both  the  transcriptional  and  the  post-translational  levels.  Relative 
quantitative  real-time  PCR  experiments  using  specific  primers  and  probes  for  p27  show 
no  modulation  of  p27  transcripts  levels  either  between  intact  and  castrated  untreated  rats 
or  following  T  administration  to  castrated  rats.  Using  in  vitro  degradation  assays  of 
recombinant  histidine-tagged  p27,  we  were  able  to  show  that  p27  degradation  activity  by 
the  prostate  homogenates  is  inversely  correlated  with  p27  protein  levels.  Furthermore, 
this  degradation  activity  is  specific  for  p27  since  degradation  of  another  Cki,  p21  (whose 
protein  levels  are  highly  induced  by  T  (not  shown),  is  virtually  unaffected  by  androgen 
replenishment  (Waltregny  et  al).  In  addition,  since  this  degradation  activity  is  completely 
abolished  by  flutamide,  it  is  under  androgen  control  (Waltregny  et  al). 

Immunohistochemical  experiments  yielded  the  following  results:  (1)  p27  staining  is 
detected  in  very  few  prostate  epithelial  cells  in  intact  rats  and  BrdU  labeling  index  is  very 
low,  (2)  a  strong  nuclear  staining  is  observed  in  most  basal  cells  in  the  prostate  of 
castrated  untreated  animals  and  BrdU  staining  is  completely  absent,  (3)  following  T 
administration  to  castrated  rats,  p27  as  well  as  BrdU  are  virtually  undetectable  at  12-24 
hours,  (4)  at  48-72  hours,  concomitantly  to  a  marked  increase  in  the  number  of  BrdU+ 
cells,  p27  is  highly  expressed  in  the  majority  of  luminal  cells.  Double 
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immunofluorescence  staining  experiments  for  BrdU  and  p27  demonstrated  that 


proliferating  cells  (BrdU+)  are  devoid  of  any  p27  labeling  and  vice  versa  (shown  below) 


BrdU/Texas  Red  (red) 


BrdU/Texas  Red  (red) 
P27/FITC  (green) 


p27/FITC  (green) 


In  summary,  we  have  established  that  changes  in  p27  expression  which  result  from 
castration  and  testosterone-induced  regeneration  of  the  rat  prostate  are  secondary  to 
changes  in  p27-specific  degradation  rather  than  to  transcriptional  control.  Furthermore, 
p27  expression  is  differentially  modulated  by  androgens  in  the  different  cellular 
components  of  the  prostate  epithelium  (basal  luminal;  proliferating  proliferating). 
This  model  will  be  extensively  utilized  in  this  proposal  to  study  the  androgen-controlled 
regulation  of  p27  and  its  mediators. 

Waltregny  D,  Leav  I,  Signoretti  S,  Soung  P,  Lin  D,  Merk  F,  Adams  JY,  Bhattacharya  N, 
Cirenei  N,  Loda  M.  Androgen-driven  prostate  epithelial  cell  proliferation  and 
differentiation  in  vivo  involve  the  regulation  of  p27.  Mol  Endocrinol  2001, 15:765-782 
(see  appendix). 

•  Specific  Aim  2 

To  study  expression  of  p27  in  androgen-dependent  (AD)  and  androgen 
independent  (AI)  human  prostate  cancer 

p27  expression  was  examined  by  automated  immunohistochemistry  in  radical 
prostatectomies  from  untreated  patients  (n=  88;  named  Androgen  Dependent  or  AD)  as 
well  as  patients  previously  treated  for  at  least  3  months  by  androgen  ablation  (n=  63; 
named  Androgen  Independent  or  AI).  No  correlation  was  found  between  p27  and 
Gleason  score  (p=0.13),  stage  (p=0.66),  pre-op  PSA  (p=0.4)  or  post-op  PSA  (p=0.69). 
50%  of  cases  expressed  p27  (>50%  of  cells)  in  AD  vs  34%  in  AI  (p=0.043).  A  Table  with 


the  results  is  shown  below: 


Untreated  (n=88) 

Treated  (n=68) 

P  value 

p27  +  (>50%) 

44(50%) 

23  (34%) 

0.043 

Gleason  Score: 

4-6 

28 

30 

0.23 

7 

34 

21 

0.16 

8-10 

19 

17 

0.82 

6 


Unknown  (mets) 

7 

0 

Stage: 

I+II 

40 

32 

0.91 

III+IV 

39 

30 

Unknown  (TURP) 

9 

6 

Ki67  >1% 

38/67  (57%) 

22/56  (39%) 

0.05 

These  data  suggest,  that  androgen  ablation  may  select  for  p27  negative  tumors  with 
more  aggressive  behavior.  Results  have  been  presented  at  the  United  States  and  Canadian 
Academy  of  Pathology,  (Cai,  Y.C.,  et  al..  Down-regulation  ofp27  in  adenocarcinoma  of 
the  prostate  after  androgen  ablation.  Lab  Invest,  2000.  80:  p.  545A).  (See  appendix).  In 
order  to  achieve  increased  statistical  power,  we  plan  to  test  a  significantly  higher  number 
of  cases  which  are  currently  being  cut  and  stained  and  will  be  assessed  for  the  final 
manuscript. 


•  Specific  Aim  3 

Ubiquitin-proteasome  dependent  degradation  of  p27  in  androgen-mediated 
proliferation:  role  of  isopeptidases 
The  isopeptidase  KIA-190 

Kia-190  seemed  to  be  an  interesting  candidate  since  in  preliminary  data  (before  we 
generated  specific  antibodies  against  it)  it  was  found  to  be  overexpressed  in  prostate 
cancers  by  in  situ  hybridization  in  a  subset  of  cases.  Furthermore,  its  expression  was 
correlated  with  that  of  p27.  When  a  large  database  of  prostate  cancers  was  examined 
(n=109)  and  the  expression  compared  to  that  in  colon  and  breast  carcinomas,  Kia-190 
mRNA  was  overexpressed  in  54%,  66%  and  25%  of  prostate,  colon  and  breast  tumors, 
respectively  compared  to  the  corresponding  normal  tissues.  This  demonstrates 
differential  expression  of  Kia-190  in  tumor  vs  normal  as  well  as  in  different  epithelial 
tumors.  A  significant  correlation  was  found  between  Kia-190  and  disease  stage 
(p=0.005)  but  not  with  Gleason  score  or  post-op  PSA. 


Kia-190  by  in  situ  hybridization 

Low 

Prostate  50/109(46%) 

Colon  17/51  (33%) 

Breast  23/31(74%) 


High 

59/109(54%) 

34/51(66%) 

8/31(26%) 
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Utilizing  the  antibodies  we  have  generated,  we  have  analyzed  Kia-190  protein 
expression  by  immunohistochemistry  in  the  same  tumors.  Results  confirmed  the  initial 
observations  made  by  in  situ  hybridization. 

Kia-190  by  immunohistochemistry 

T<N  T=N  T>N 

Prostate  12/105(11%)  37/105(35%)  56/105(53%) 

Colon  0/38  (0%)  9/38(24%)  29/38(76%) 

Interestingly,  in  normal  tissues  kia-190  is  expressed  in  rapidly  proliferating  tissues 
such  as  colonic  crypts  and  germinal  centers. 

Correlations  bewteen  Kia-190  and  p27.  There  was  no  correlation  between 
expression  of  Kia-190  and  that  of  p27  in  AD  or  AI  cases  (p<0.3723)  at  the  protein  level. 

Dr.  Draetta  (European  Institute  of  tumors  in  Milan,  Italy)  utilized  Kia-190  as  bait  in 
a  yeast  two-hybrid  screen.  Kia-190  was  found  to  interact  in  vivo  and  in  vitro  with  G3BP, 
a  protein  associated  in  a  growth  regulated  manner,  with  ras-GTPase  activating  protein. 
We  have  established  a  collaboration  with  Dr.  Draetta  and  a  manuscript  which  combines 
the  data  from  his  lab  and  ours  is  in  preparation. 


•Specific  Aim  4: 

To  assess  the  role  of  isopeptidases  in  prostate  cancer  cell  proliferation  and 
G1  arrest  in  LNCaP  cells. 

Kia-190  protein  expression  was  studied  in  a  variety  of  human  cell  lines  by  Western 
blot  (see  below).  Note  absent  levels  of  Kia-190  in  (normal)  PrEC  prostate  cells  and 
overexpression  in  the  three  prostate  carcinoma  cell  lines. 


v" 


S 


</ 


A 


.<0^ 


Induction  of  p27  by  48  hours  of  serum  starvation  was  obtained  in  LNCaP,  PC-3  and 
DU- 145  cells.  However,  no  concomitant  change  in  the  levels  of  Kia-190  protein  levels 
was  observed  by  Western  blot  (not  shown). 

We  then  transfected  normal  basal  prostate  (PrEC)  cells  with  pCR3.1/Kia-190  sense 
and  mutated  (active  site  cys  to  ala)  constructs  as  well  as  pSV40-T  and  pCDNA3/H- 
rasV12  as  positive  controls.  Immunohistochemistry  verified  the  successful  transfection 
of  cells.  We  also  transfected  NIH3T3  cells  with  pCR3.1 /Kia-190  sense  and  mutated  and 
pCDNA3/H-rasV12.  We  then  checked  for  growth  in  soft  agar.  Only  clones  transfected 
with  pCDNA3/H-rasV12  (with  or  without  Kia-190)  were  able  to  grow  in  soft  agar. 


8 


Catalytically  inactive  mutants  of  KIA-190  had  no  affect  on  cell  cycle  kinetics  or  growth 
in  soft  agar,  when  transfected  in  PrECs. 

Although  the  work  completed  during  the  first  three  years  of  the  award  yielded 
important  information  on  KIA-190,  and  its  role  in  prostate  cancer,  a  p27-specific 
isopeptidase  was  not  identified.  Thus,  we  have  recently  adopted  a  novel  strategy  which 
utilizes  degenerate  oligonucleotides  directed  at  the  conserved  catalytic  domain  of  de- 
ubiquitinating  enzymes  (Cys  and  His  boxes)  to  clone  isopeptidases  which  are  more 
abundant  in  p27  rich  (castrates)  vs  p27  poor  (intact)  rat  prostates  as  well  as  in  charcoal 
stripped  (p27  rich)  vs  asynchronously  growing  (relatively  p27  poor)  LNCaP  cells. 
Utilizing  the  degenerate  PCR-RACE  approach  we  have  recently  obtained  the  full  length 
clone  of  two  isopeptidases  differentially  expressed  in  intact  versus  castrate  rat  prostates. 
We  have  also  cloned  the  human  equivalets  of  these  isopeptidases.  One  of  these  two  is  an 
androgen  responsive  gene  and  the  other  is  novel  (not  in  genebank).  We  are  actively 
pursuing  characterization  of  these  genes. 


9 


Key  Research  accomplishments 


•  Utilizing  an  animal  model  of  castration  and  testosterone-induced  regeneration  of  the 
prostate  we  determined  that  removal  of  androgens  stabilizes  p27  by  completely 
inhibiting  it’s  steady  state  levels  of  degradation.  This  is  a  mechanism  to  preserve 
basal  and  possibly  stem  cells  in  the  prostate  in  an  androgen  depleted  milieu.  These 
cells  are  then  ready  to  regenerate  and  proliferate  again  once  the  appropriate  hormonal 
environment  is  restored. 

•  In  addition,  this  is  the  first  time  that  the  regulation  of  the  cell  cycle  inhibitor  p27  is 
precisely  outlined  in  prostate  epithelial  cells  (Waltregny  at  el,  2001). 

•  In  collaboration  with  Dr.  Reiter’s  group  at  UCLA,  we  were  the  first  to  report  that  loss 
of  p27  expression  is  a  negative  prognostic  marker  in  prostate  carcinoma  (Yang  et  al, 
1998).  Such  a  finding  has  now  been  confirmed  by  several  other  groups. 

•  We  have  established  that  p27  expression  is  decreased  in  tumors  from  patients 
previously  treated  with  androgen  ablation,  compared  with  stage-matched  untreated 
tumors.  The  implications  of  these  findings  are  still  unclear  but  they  may  signify  that 
Total  Androgen  Ablation  may  select  for  tumor  cells  which  lack  p27  and  are  therefore 
more  aggressive  (Cai  et  la,  2000). 

•  The  ubiquitin  pathway  is  involved  in  the  proteolytic  turnover  of  many  short-lived 
cellular  regulatory  proteins.  Since  selective  degradation  of  substrates  of  this  system 
requires  the  covalent  attachment  of  a  polyubiquitin  chain  to  the  substrates, 
degradation  could  be  counteracted  by  de-ubiquitinating  enzymes  (or  isopeptidases) 
which  selectively  remove  the  polyubiquitin  chain.  Unp  is  one  of  the  human 
isopeptidase  with  still  poorly  understood  biological  functions  which  we  have  studied. 
We  have  recently  shown  that  cellular  Unp  specifically  interacts  with  the 
retinoblastoma  gene  product  (pRb)  (Desalle  et  al,  in  press). 


10 


Reportable  outcomes 


Manuscripts  sponsored  by  the  DAMD17-98-1-8574  proposal 

Yang  RM,  Naitoh  J,  Murphy  M,  Wang  H-J,  Philipson  J,  deKemion  JB,  Loda  M,  Reiter 
RE.  Low  levels  of  p27  protein  expression  predict  poor  disease-free  survival  in  patients 
with  prostate  cancer.  J  Urol  1998;159:941-5. 

Waltregny  D,  Leav  I,  Signoretti  S,  Soung  P,  Lin  D,  Merk  F,  Adams  JY,  Bhattacharya  N, 
Cirenei  N,  Loda  M.  Androgen-driven  prostate  epithelial  cell  proliferation  and 
differentiation  in  vivo  involve  the  regulation  of  p27.  Mol  Endocrinol  2001, 15:765-782 

Cai,  Y.C.,  McMenamin  M.,  Magi-Galluzzi  C.,  Macri  E.,  Montironi  R.,  Loda  M.  Down- 
regulation  of  p27  in  adenocarcinoma  of  the  prostate  after  androgen  ablation.  Lab  Invest, 
2000. 80:  p.  545A 

Leav  I,  Merk  FB,  Lee  KF,  Loda  M,  Mandoki  M,  McNeal  JE,  Ho  S-M.  Prolactin 
receptor  expression  in  the  developing  human  prostate  and  in  hyperplastic,  dysplastic  and 
neoplastic  Xtsiorrs.  Am  J  Pathol  1999;  154:863-870. 

Me  Menamin  ME,  Soung  P,  Perera  S,  Kaplan  I,  Loda  M,  Sellers  WR.  Loss  of  PTEN 
expression  in  paraffin-embedded  primary  prostate  cancer  correlates  with  high  Gleason 
score  and  advanced  stage.  Cancer  Res  59, 4291-96, 1999 

Reiter,  R,  Sato,  I,  Thomas,  G,  Qian,  Zhennan  G,  Watabe,  T,  Loda,  M,  Jenkins,  R.  Co¬ 
amplification  of  prostate  stem  cell  antigen  (PSCA)  and  c-myc  in  locally  advanced 
prostate  cancer.  Genes  Chrom  Cancer  2000  Jan;27(l):95-103 

Gu  Z,  Thomas  G,  Yamashiro  J,  Shintaku  IP,  Dorey  F,  Raitano  A,  Witte  ON,  Said  JW, 
Loda  M,  Reiter  RE.  Prostate  stem  cell  antigen  (PSCA)  expression  increases  with  high 
Gleason  score,  advanced  stage  and  bone  metastasis  in  prostate  cancer.  Oncogene  2000 
Mar2;19(10):1288-96 

Signoretti  S,  Waltregny  D,  Dilks  J,  Isaac  B,  Lin  D,  Garraway  L,  Yang  A,  McKeon  F, 
Loda  M.  p63  is  a  prostate  basal  cell  marker  and  is  required  for  prostate  development.  Am 
J  Pathol  157: 1769-75, 2000 


11 


Signoretti  S,  Montironi  R,  Manola  J,  Altimari  A,  Tam  C,  Bubley  G,  Balk  S,  Thomas  G, 
Kaplan  I,  Hlatky  L,  Hahnfeldt  P,  Kantoff  P,  Loda  M.  Her-2-neu  expression  increases 
with  progression  towards  androgen  independence  in  human  prostate  cancer.  J  Natl 
Cancer  Inst  92:  1918-25,2000 

DeSalle  LM,  Latres  E,  Lin  D,  Graner  E,  Montagnoli  A,  Baker  RT,  Pagano  M,  Loda  M. 
The  de-ubiquitinating  enzyme  Unp  interacts  with  the  Retinoblastoma  protein  Oncogene 
(In  press) 


12 


Conclusions 


The  findings  of  our  study  sponsored  by  the  DOD  proposal  DAMD 17-98- 1-8574  set  the 
stage  for  the  assessment  of  p27  regulation  in  prostate  cancer  cells.  We  have  begun  to 
address  this  issue  comparing  levels  of  p27  in  tumors  from  patients  treated  with  androgen 
ablation  and  comparing  them  to  untreated  ones.  We  are  currently  assessing  in  human 
prostate  cancer  the  role  of  skp2,  the  ubiquitin  ligase  responsible  for  the  targeting  and 
subsequent  degradation  of  p27  in  proliferating  tumor  cells.  Skp2  may  constitute  an 
important  therapeutic  target  in  prostate  cancer. 
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Androgens  control  both  growth  and  differentiation 
of  the  normal  prostate  gland.  However,  the  mech¬ 
anisms  by  which  androgens  act  upon  the  cell  cycle 
machinery  to  regulate  these  two  fundamental  pro¬ 
cesses  are  largely  unknown.  The  cyclin-dependent 
kinase  (cdk)  inhibitor  p27  is  a  negative  cell  cycle 
regulator  involved  in  differentiation-associated 
growth  arrest.  Here,  we  investigate  the  role  and 
regulation  of  p27  in  the  testosterone  proprionate 
(TP)-stimulated  regeneration  of  the  ventral  pros¬ 
tate  (VP)  of  castrated  rats.  Continuous  TP  admin¬ 
istration  to  castrated  rats  triggered  epithelial  cell 
proliferation,  which  peaked  at  72  h,  and  then  de¬ 
clined  despite  further  treatment.  Castration- 
induced  atrophy  of  the  VP  was  associated  with  a 
significant  increase  in  p27  expression  as  com¬ 
pared  with  the  VP  of  intact  animals.  Twelve  hours 
after  the  initiation  of  androgen  treatment,  total  p27 
levels  as  well  as  its  fraction  bound  to  cdk2,  its  main 
target,  significantly  dropped  in  the  VP  of  castrated 
rats.  Thereafter,  concomitantly  to  the  induction  of 
epithelial  cell  proliferation,  the  glandular  morphol¬ 
ogy  of  VP  was  progressively  restored  at  48-96  h  of 
TP  treatment.  During  this  period  of  the  regenera¬ 
tive  process,  whereas  both  proliferating  basal  and 
secretory  epithelial  cells  did  not  express  p27,  the 
protein  was  selectively  up-regulated  in  the  nonpro¬ 
liferating  secretory  epithelial  compartment.  This 
up-regulation  of  p27  expression  was  coincident 
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with  an  increase  in  its  association  with,  and  pre¬ 
sumably  inhibition  of,  cdk2. 

At  each  time  point  of  TP  treatment,  p27  abun¬ 
dance  in  the  VP  was  inversely  correlated  with  the 
level  of  its  proteasome-dependent  degradation  ac¬ 
tivity  measured  in  vitro  in  VP  lysates,  whereas  only 
slight  changes  in  the  amount  of  p27  transcripts 
were  detected.  In  addition,  the  antiandrogen  flut- 
amide  blocked  maximal  TP-induced  p27  degrada¬ 
tion  completely.  Finally,  the  expression  of  skp2,  the 
ubiquitin  ligase  that  targets  p27  for  degradation, 
was  seen  to  increase  with  androgen  administra¬ 
tion,  preceding  maximal  proliferation  and  concom¬ 
itantly  to  augmented  p27  degradation  activity. 

Taken  together,  our  data  indicate  that  androgens 
mediate  both  proliferation  and  differentiation  sig¬ 
nals  in  normal  prostate  epithelial  cells  in  vivo, 
through  regulation  of  p27.  (Molecular  Endocrinol¬ 
ogy  15:  765-782,  2001) 


INTRODUCTION 

Cell  proliferation  and  differentiation  are  controlled  by 
extracellular  signals  that  impinge  upon  the  cell  cycle 
machinery  and  modulate  the  expression/activity  of  key 
cell  cycle  regulators.  In  the  normal  prostate  gland, 
these  two  fundamental  processes  are  regulated  to  a 
large  extent  by  androgens  (1).  Like  its  human  counter¬ 
part,  the  epithelial  compartment  of  the  rat  prostate  is 
composed  of  two  types  of  cells:  basal  and  secretory 
cells.  Secretory  cells  compose  approximately  85%  of 
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the  total  cells  In  the  ventral  prostate  (VP)  of  a  sexually 
mature  male  rat.  Basal  cells  are  numerically  less  abun¬ 
dant,  and  their  function  is  still  poorly  understood,  al¬ 
though  they  are  believed  to  be  precursors  of  secretory 
cells  (2,  3).  After  castration,  the  rat  prostate  rapidly 
involutes  as  a  result  of  a  major  loss  of  secretory  cells 
{60%-70%  within  7  days  of  androgen  deprivation), 
which  chronically  require  physiological  levels  of  andro¬ 
gens  for  their  maintenance  (3,  4).  Testosterone  stimu¬ 
lation  can  dramatically  accelerate  the  proliferation  rate 
of  prostate  epithelial  cells  in  a  sexually  immature  rat, 
yet  once  the  organ  has  attained  adult  size  additional 
androgen  has  little  influence  on  proliferation  (5).  Like¬ 
wise,  sustained  androgen  administration  to  mature 
castrated  rats  can  trigger  the  regrowth  of  the  prostate 
gland,  which  will  eventually  return  to  its  original  size 
(5-7).  This  regenerative  process  is  timely  regulated 
since  proliferation  rates  decline  to  the  baseline  levels 
found  in  intact  animals  despite  further  androgen  treat¬ 
ment  (6,  8).  Concomitantly  with  their  mitogenic  activ¬ 
ity,  androgens  induce  histological  and  biochemical 
changes  characteristic  of  glandular  differentiation  in 
the  prostate  of  castrated  rats  (5-7, 9, 1 0).  For  example, 
testosterone  replenishment  in  castrated  rats  results  in 
the  reconstitution  of  the  normal  secretory  cell  com¬ 
partment  simultaneous  with  a  significant  reduction  In 
VP  expression  levels  of  basal  cell-associated  cytoker- 
atins  (7,  9).  In  addition,  the  mRNA  levels  of  the  C3 
gene,  which  encodes  for  a  major  subunit  of  a  prostate 
secretory  protein  (prostatic  steroid-binding  protein) 
exclusively  expressed  in  secretory  cells,  are  dramati¬ 
cally  induced  in  the  regenerating  VP  of  castrated  rats 
(11,12). 

The  regulation  of  mammalian  cell  proliferation  by 
growth-stimulatory  and  growth-  inhibitory  extracellular 
signals  occurs  during  the  first  gap  (Gi)  phase  of  the 
cell  cycle.  The  enzymes  that  regulate  phase  pro¬ 
gression  include  the  cyclin-dependent  kinases  cdk4 
and  cdk6,  which  can  be  activated  through  their  asso¬ 
ciation  with  D-type  cyclins,  and  cdk2,  which  forms 
active  complexes  with  cyclins  E  and  A  (for  reviews,  see 
Refs.  13-15).  The  activity  of  these  cdk/cyclin  com¬ 
plexes  is  negatively  regulated  by  cyclin-dependent  ki¬ 
nase  inhibitors,  which  belong  to  two  known  families 
(16).  The  INK4A  family  comprises  p16,  pi 5,  p18,  and 
pi  9,  which  bind  to  and  specifically  inhibit  cdk4  and 
cdk6.  The  CIP/KIP  family  includes  p21,  p27,  and  p57, 
which  preferentially  target  cdk2  complexes  (16-18). 

The  cdk  inhibitor  p27  was  initially  Identified  as  an 
inhibitor  of  cdk2/cyclin  E  complex  activity  in  trans¬ 
forming  growth  factor- j3-treated  or  contact-inhibited 
mink  lung  epithelial  cells  (19),  and  it  was  found  to 
Induce  cell  cycle  arrest  when  overexpressed  in  cul¬ 
tured  cells  (20,  21).  p27  has  since  been  shown  to  play 
a  pivotal  role  in  mediating  G-,  arrest  in  some  normal 
and  neoplastic  cells  in  response  to  a  variety  of  anti¬ 
proliferative  signals,  including  growth  In  suspension 
(22),  cAMP  agonists  (23),  interferon-j3  (24)  and  -7  (25), 
interleukin-6  (26),  and  rapamycin  (27).  In  contrast  to 
p21 ,  p27  expression  is  highest  in  quiescent  cells  (28, 


29)  and  declines  as  cells  are  stimulated  to  reenter  the 
cell  cycle  (27,  28).  p27  abundance  is  regulated  primar¬ 
ily  at  the  posttranslational  level.  Once  activated,  cdk2/ 
cyclin  E  complexes  phosphorylate  p27  at  Threonine- 
187  (30-33),  thereby  signaling  for  its  degradation  by 
the  ubiquitin-proteasome  system  through  the  ubiq- 
uitin-ligase  SCF  (Skp1/Cul1/F-box)-skp2  complex  (34, 
35).  Hence,  maximum  degradation  of  p27  by  the  ubiq¬ 
uitin-proteasome  pathway  is  detected  in  extracts  pre¬ 
pared  from  cells  in  S-phase  (36).  Accumulation  of  p27, 
however,  can  also  be  regulated  by  other  mechanisms, 
including  transcriptional  (26,  37-39)  and  translational 
control  (40,  41). 

Several  lines  of  evidence  from  studies  in  p27  knock¬ 
out  mice  indicate  a  direct  involvement  of  p27  in  dif¬ 
ferentiation-associated  cell  cycle  arrest.  Homozygous 
p27-deficient  female  mice  display  infertility  with  both 
impaired  release  of  eggs  during  the  estrus  cycle  and 
deficient  implantation  of  embryos  (42-44).  In  this  In¬ 
stance,  the  absence  of  p27  prevents  the  coupling  of 
differentiation  with  growth  arrest  in  granulosa  cells  in 
response  to  LH  (45,  46).  Other  studies  using  p27”^" 
mice  have  highlighted  an  important  role  for  this  protein 
in  regulating  the  differentiation  of  oligodendrocytes 
(47)  and  osteoblasts  (48).  In  addition,  p27  expression 
increases  during  the  differentiation  of  various  normal 
and  neoplastic  cell  types,  both  in  vivo  and  in  vitro  (49). 
For  example,  treatment  of  LNCaP  human  prostate 
cancer  cells  with  interleukin-6  (50)  or  the  flavanoid 
antioxidant  silibinin  (51)  results  in  increased  p27  ex¬ 
pression  associated  with  G-,  arrest  and  neuroendo¬ 
crine  differentiation. 

Prior  data  have  suggested  that  androgens  regulate  the 
expression  of  p27  in  both  normal  and  neoplastic  prostate 
epithelial  cells,  and  that  p27  levels  may  mediate  the 
androgen-driven  proliferative  and  differentiation  signals 
in  such  cells  (7,  52-55).  However,  the  mechanisms  by 
which  androgens  modulate  the  expression  of  p27  are 
unknown.  Testosterone-induced  regeneration  of  the 
castrated  rat  VP  follows  a  highly  reproducible  time 
course,  thus  making  this  system  an  excellent  model  for 
scrutinizing  the  androgen-mediated  regulation  of  pro¬ 
teins  involved  in  the  cell  cycle,  in  this  study,  we  have 
used  this  model  to  investigate  the  regulation  of  p27  by 
testosterone  proprionate  (TP).  We  herein  provide  con¬ 
vincing  evidence  that  in  this  system  1)  p27  plays  an 
important  role  in  the  control  of  TP-stimulated  prolifera¬ 
tion  and  differentiation  of  normal  prostate  epithelial  cells 
and  2)  TP  regulates  the  expression  of  p27  mainly  through 
modulation  of  its  specific  degradation  by  the  ubiquitin- 
proteasome  proteolytic  system. 


RESULTS 

Epithelial  Cell  Proliferation  in  the  VP  of  Castrated 
Rats  after  Androgen  Treatment 

As  expected,  TP  administration  (6.6  mg/kg,  once 
daily)  to  the  castrated  rats  caused  a  dramatic  re- 
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growth  of  their  VP,  which  returned  to  a  size  almost 
comparable  to  that  of  age-matched  noncastrated 
rats  after  4  days  of  treatment  (data  not  shown).  In 
situ,  proliferating  epithelial  cells  were  recognized  by 
immunohistochemical  detection  of  BrdU.  Figure  1A 
shows  representative  examples  of  anti-BrdU  immu- 
nostaining  of  VP  epithelial  cells  at  each  time  point  of 
TP  treatment  as  well  as  those  from  intact  animals. 
Virtually  no  detectable  anti-BrdU  nuclear  staining 
was  identified  in  epithelial  cells  from  untreated  cas¬ 
trated  or  intact  rats.  The  induction  of  cell  prolifera¬ 
tion  became  apparent  48  h  after  the  Initiation  of  TP 
treatment,  and  BrdU  Incorporation  was  detected  in 
both  basal  and  secretory  cel!  subsets  (Fig.  1A,  in¬ 
set).  The  proportion  of  DNA-synthesizing  basal  and 
secretory  cells  reached  a  peak  at  72  h  (11.7%  ± 
0.2%),  and  then  declined  in  both  cell  types  despite 
further  androgen  administration  (Fig.  IB).  Interest¬ 
ingly,  at  peak  proliferation,  the  percentage  of  BrdU- 
positive  basal  cells  (22.9%  ±  0.6%)  was  almost  2.5 
times  higher  than  the  percentage  of  BrdU-positive 
secretory  cells  (9.2%  ±  0.5%)  (paired  t  test,  P  < 
0.0001). 

Expression  of  -Related  cdks,  Cyclins,  and  cdk 
Inhibitors  in  the  VP  of  Androgen-Replenished 
Castrated  Rats 

To  understand  the  relationship  between  androgen 
stimulus  and  the  proliferation/differentiation  response 
of  regenerating  VPs,  we  next  investigated  the  temporal 
changes  in  expression  levels  of  p27  and  other  key 
regulators  involved  in  the  phase  progression  of  the 
cell  cycle.  Changes  in  androgen  receptor  (AR)  expres¬ 
sion  were  also  examined.  Western  blot  analysis  of  AR, 
cdk2,  cdk4,  cdk6,  cyclin  D1,  cyclin  E,  p21,  and  p27 
expression  was  performed  by  using  total  VP  protein 
lysates  from  rats  killed  at  each  time  point  of  androgen 
treatment  (Fig.  2). 

Although  the  AR  protein  was  expressed  as  early  as 
12  h  after  the  initiation  of  TP  treatment,  the  levels  of 
cdks  and  their  associated  cyclins  remained  un¬ 
changed  at  this  time  point.  The  expression  levels  of 
these  cell  cycle  proteins  gradually  increased  at  24  h  of 
treatment  and  peaked  during  the  next  3  days.  p21 
protein  was  virtually  undetectable  in  the  VP  of  un¬ 
treated  castrated  rats  and  during  the  first  24  h  of  TP 
replenishment.  Thereafter,  its  expression  gradually  in¬ 
creased.  The  highest  level  of  p21  expression  was  de¬ 
tected  in  the  VP  of  intact  rats. 

p27  expression  levels  followed  more  complex  tem¬ 
poral  changes.  The  protein  levels  were  highest  in  the 
VP  of  untreated  castrated  rats.  TP  administration  in¬ 
duced  an  early  (12  h)  substantial  decrease  In  the 
amount  of  p27  protein.  Subsequently,  p27  levels  in¬ 
creased  and  peaked  at  72  h  (concomitantly  with  max¬ 
imal  proliferation  rate)  and  decreased  again  at  96  h  of 
treatment.  The  protein  abundance  was  lowest  in  the 
VP  of  intact  animals. 
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In  Situ  Expression  of  p27  in  the  Regenerating  VP 
of  Castrated  Rats 

Since  our  Western  blot  experiments  were  performed 
with  the  use  of  total  protein  extracts,  it  was  possible 
that  the  changes  in  p27  expression  levels  detected 
with  this  technique  may  not  reflect  those  that  take 
place  In  the  epithelial  cells.  Thus,  to  rule  out  this 
potential  bias  as  well  as  to  assess  p27  expression  in 
the  two  subsets  of  VP  epithelial  cells,  we  used  im- 
munohistochemistry.  Figure  3A  shows  representa¬ 
tive  examples  of  anti-p27  immunostaining  in  VP 
glands  during  the  first  96  h  of  TP  administration  to 
castrated  rats  as  well  as  in  the  VP  of  intact  animals. 
p27  expression  was  scored  separately  in  the  basal 
and  secretory  cells  according  to  the  percentage  of 
positive  cells  (Fig.  3B). 

p27  immunoreactivity  in  the  epithelial  cells  was 
mainly  nuclear  (Fig.  3A).  Overall,  temporal  changes  in 
p27  expression  levels  were  similar  in  basal  and  secre¬ 
tory  cell  compartments  and  strictly  paralleled  those 
detected  by  Western  blot  in  the  corresponding  total 
protein  extracts  (compare  Fig.  3B  and  Fig.  2).  The 
percentages  of  p27-expressing  epithelial  cells  were 
high  In  the  VP  of  untreated  castrated  rats  and,  after  12 
and  24  h  of  TP  treatment,  fell  significantly  in  both 
secretory  (unpaired  t  test,  P  =  0.03)  and  basal  cells 
(unpaired  f  test,  P  =  0.05).  Subsequently,  p27  expres¬ 
sion  levels  increased  in  both  cell  types  and  peaked  at 
72  h  of  treatment.  However,  this  increase  in  p27  levels 
was  significant  only  in  the  secretory  cell  subset  (un¬ 
paired  t  test,  P  =  0.2  and  P  <  0.0001  for  basal  and 
secretory  cells,  respectively).  p27  levels  then  slightly 
dropped  in  both  subsets  of  cells  at  96  h  of  treatment 
(unpaired  t  test,  P  =  0.62  and  P  =  0.47  for  secretory 
and  basal  cells,  respectively).  The  lowest  level  of  p27 
expression  was  found  in  the  VP  epithelial  cells  of  intact 
animals. 

In  the  VP  of  untreated  castrated  rats,  a  significantly 
higher  percentage  of  p27-posltive  cells  was  observed 
in  the  basal  compartment  (64.7%  ±  12.8%)  than  in  the 
secretory  one  (45.6%  ±  9.3%)  (paired  t  test,  P  = 
0.005)  (Fig.  3B).  After  24  h  of  TP  treatment,  the  level  of 
p27  expression  was  similar  in  both  cell  types  (paired  t 
test,  P  =  0.38).  Subsequently,  at  48-96  h  of  treatment, 
p27  expression  levels  were  significantly  higher  in  se¬ 
cretory  than  in  basal  cells  (paired  t  test,  P  <  0.05). 
Also,  a  significant  difference  in  the  percentages  of 
basal  (4.6%  ±  2%)  and  secretory  (7%  ±  2.8%)  p27- 
positive  cells  was  observed  in  the  VP  of  intact  animals 
(paired  t  test,  P  <  0.05). 

Thus,  both  our  Immunohistochemical  and  immuno- 
blot  data  unexpectedly  indicated  that  the  expression 
levels  of  the  cell  cycle  inhibitor  were  high  in  the  regen¬ 
erating  VP  at  peak  proliferation  (72  h).  To  understand 
this  paradox,  we  performed  double  immunofluores¬ 
cence  experiments  for  BrdU  and  p27  using  VP  tissue 
sections  from  animals  killed  at  72  h  of  TP  treatment. 
Remarkably,  all  epithelial  cells  in  S-phase  (BrdU- 
positlve)  exhibited  no  detectable  p27  expression  (Fig. 
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Time  (hours)  of  TP  treatment 


Time  (hours)  of  TP  treatment 


B 


Time  (hours)  of  TP  treatment 

Fig.  1.  Epithelial  Cell  Proliferation  In  the  VP  of  Castrated  Rats  Treated  by  TP 
A,  Castrated  rats  were  treated  by  TP  (6.6  mg/kg,  once  dally)  for  4  days.  At  0,  12,  24,  48,  and  96  h  after  the  Initiation  of  the 
treatment,  rats  (seven  per  time  point)  were  Injected  with  BrdU  (10  mM)  and  killed  30  min  later.  Seven  untreated  noncastrated 
age-matched  male  rats  were  also  Included  as  control  animals.  Tissue  sections  were  cut  from  each  paraffin-embedded  VP  sample, 
immunostained  with  either  antl-p63  monoclonal  antibody  or  anti-BrdU  monoclonal  antibody,  and  counterstained  with  methyl 
green  and  hematoxylin,  respectively  as  described  In  Materials  and  Methods.  For  recognition  of  basal  vs.  secretory  cells, 
immunohlstochemistry  for  p63  is  shown  In  the  first  panel.  p63  positive  basal  cells  show  nuclear  immunoreactivity.  Representative 
examples  of  BrdU  immunodetection  are  shown  for  each  group  of  seven  rats.  Positive  staining  was  completely  abolished  when 
the  primary  antibody  was  omitted  from  the  staining  procedure  (data  not  shown).  Criginal  magnification:  x200.  Inset,  Detection 


Androgen  Regulation  of  p27  in  the  Regenerating  Prostate 


769 


A 


Time  (hours)  of  TP  treatment 
0  12  24  48  72  96  intact 


IIOkDa 


B 


Time  (hours)  of  TP  treatment 
0  12  24  48  72  96  intact 


anti-cdk2 


anti-cdk4 

antl-cdkS 


^ —  33kDa 

M —  34kDa 

^ —  36kDa 


c 


Time  (hours)  of  TP  treatment 
0  12  24  48  72  96  intact 


anti-cyclln  D1 


M —  34kDa 


anti-cyclin  E 


45kDa 


D 


Time  (hours)  of  TP  treatment 
0  12  24  48  72  96  intact 


anti-p21 


21kDa 


anti-p27  1^ 


27kDa 


1  4.2  (-)  2(->  1.2  H  1.4  H  2.6  (-)  6.6  (-> 

Fig.  2.  Expression  of  Phase-Related  Cyclin-Dependent  Kinases,  Cyclins,  and  Cyclin-Dependent  Kinase  Inhibitors  in  the  VP 
of  Testosterone-Treated  Castrated  Rats 

Castrated  rats  (7  per  time  point)  were  killed  0, 1 2, 24, 48,  72,  and  96  h  after  the  beginning  of  androgen  replenishment  (6.6  mg/kg 
TP,  once  daily).  The  VP  of  each  animal  was  harvested.  VP  specimens  from  seven  age-matched  intact  animals  were  also  used. 
Tissue  sample  duplicates  for  each  group  of  seven  rats  were  obtained  by  pooling  separately  the  VP  specimens  from  three  and  four 
animals.  Total  proteins  were  extracted  from  the  pooled  samples.  Protein  lysates  (100  jig  per  sample)  were  subjected  to  Western 
blot  analysis  of  AR,  cdk2,  cdk4,  cdk6,  cyclln  D1,  cyclin  E,  p21,  and  p27  expression,  as  described  in  Materials  and  Methods. 
Ponceau  S  staining  of  the  membranes  showed  equal  protein  sample  loading  and  transferring  (data  not  shown).  Each  Western  blot 
experiment  was  performed  at  least  twice  with  both  sets  of  pooled  samples  and  consistent  results  were  observed.  Fold  increases 
(+)  or  decreases  (-)  in  p27  protein  levels  quantified  by  the  ImageQuant  program  are  indicated  under  the  Western  blot. 


4,  A-C).  Thus,  during  the  proliferation  phase,  two  main 
subsets  of  epithelial  cells  could  be  distinguished:  cells 
In  S  phase  (BrdU  positlve/p27  negative)  and  cells  likely 
to  be  arrested  in  G-,  phase  (BrdU  negative/p27  posi¬ 
tive).  In  addition,  a  small  proportion  of  basal  and  se¬ 
cretory  cells  were  double  negative  for  both  antibodies. 


Association  of  p27  with  cdk2/Cyclin  Complexes 
in  the  Regenerating  VP  of  Castrated  Rats 

To  further  substantiate  our  results,  we  determined 
whether  the  increased  levels  of  p27  expression  de¬ 
tected  at  72  h  of  TP  replenishment  would  translate  into 


of  anti-BrdU  immunoreactivity  in  the  nucleus  of  both  secretory  and  basal  cells.  Arrow,  Identification  of  a  BrdU-positive  epithelial 
cell.  B,  Epithelial  cell  proliferation  rates  in  the  VP  of  castrated  rats  treated  by  TP.  The  percentage  of  proliferating  epithelial  cells 
in  the  VP  of  each  animal  was  calculated  by  dividing  the  number  of  BrdU-positive  epithelial  cells  by  the  total  number  of  epithelial 
cells  counted  (—1,000  cells).  Assessment  of  the  percentage  of  BrdU-positive  epithelial  cells  was  also  done  in  the  VP  of  seven 
Intact  rats.  Values  are  expressed  as  the  mean  ±  se  {error  bar)  for  each  group  of  seven  animals. 
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Fig.  3.  In  Situ  Expression  of  p27  in  the  Regenerating  VP  of  Castrated  Rats 
A,  Immunodetection  of  p27  in  the  VP  of  castrated  rats  treated  by  TP.  After  treatment  by  TP  (6.6  mg/kg,  once  daily)  for  the 
indicated  times,  castrated  rats  (7  per  time  point)  were  killed  and  the  VP  from  each  animal  was  harvested.  Seven  intact 
age-matched  male  rats  were  also  used.  Tissue  sections  from  each  paraffin-embedded  VP  were  cut,  immunostained  with  either 
anti-p63  monoclonal  antibody  or  anti-p27  monoclonal  antibody,  and  counterstained  with  methyl  green  and  hematoxylin, 
respectively,  as  described  in  Materials  and  Methods.  For  recognition  of  basal  vs.  secretory  cells,  immunohistochemistry  for  p63 
is  shown  in  the  first  panel.  p63-positive  basal  cells  show  nuclear  immunoreactivity.  Representative  examples  of  p27  staining  are 
shown  for  each  group  of  seven  animals.  Substitution  of  the  primary  antibody  with  PBS  did  not  yield  any  specific  staining  for  either 
antibody  (data  not  shown).  Original  magnification:  x400.  B,  Levels  of  p27  expression  in  the  VP  of  castrated  rats  treated  by  TP, 
as  determined  by  immunohistochemistry.  Scoring  of  p27  immunostaining  in  the  VP  of  each  rat  was  done  according  to  the 
percentage  of  epithelial  cells  (-500  cells  counted)  exhibiting  nuclear  anti-p27  reactivity.  p27  scoring  was  also  done  in  the  VP  of 
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Fig.  4.  Absence  of  p27  Expression  in  Proliferating  Epithelial  Cells  from  the  Regenerating  VP  of  Castrated  Rats 

Double  immunofluorescence  staining  for  p27  and  BrdU  was  performed  in  paraffin-embedded  VP  specimens  from  seven 
castrated  rats  that  had  been  killed  after  3  days  of  continuous  TP  treatment  (6.6  mg/kg,  once  daily).  Tissue  sections  from  each  VP 
were  immunostained  with  an  anti-p27  antibody,  and  detection  was  performed  utilizing  FITC-conjugated  streptavidin  {green 
staining).  Subsequently,  the  same  sections  were  immunostained  with  anti-BrdU  monoclonal  antibody,  and  detection  was  done 
using  Texas  red -conjugated  streptavidin  {red  staining).  Substitution  of  the  primary  antibodies  with  PBS  did  not  yield  any  specific 
staining  (data  not  shown).  Photomicrographs  of  double  immunofluorescence  staining  for  p27  and  BrdU  in  representative  prostate 
glands  were  taken  under  an  UV  microscope  using  appropriate  filters  for  detecting  FITC/p27  (A,  X200;  D,  x400;  G,  xl  ,000),  Texas 
red/BrdU  (B,  x200;  E,  x400;  H,  x  1,000),  and  both  FITC/p27  and  Texas  Red/BrdU  (C,  x200;  F,  x400;  I,  xl.OOO). 


seven  intact  rats.  p27  scores  were  determined  in  the  basal  (closed  circles)  and  secretory  cell  {open  diamonds)  subsets  separately. 
All  scoring  values  are  expressed  as  the  mean  ±  se  {error  bar)  for  each  group  of  seven  rats.  The  paired  t  test  was  used  to  assess 
whether  there  were  significant  differences  in  p27  expression  levels  between  basal  and  secretory  cells  at  each  treatment  time 
point.  Statistically  significant  differences  are  indicated  as  asterisks  (*,  P  <  0.05;  **,  P  <  0.01;  ***,  P  <  0.005). 
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an  increased  association  of  p27  with  cdk2.  We  per¬ 
formed  coimmunoprecipitation  experiments  in  which 
cdk2  was  pulled  down  from  the  VP  protein  lysates  at 
the  different  time  points  of  TP  treatment  with  the  use 
of  an  anti-cdk2  antibody.  The  immunoprecipitates 
were  subjected  to  SDS-PAGE  and  transferred  to  ni¬ 
trocellulose  membranes  that  were  blotted  with  an  anti- 
p27  antibody  (Fig.  5A). 

Temporal  changes  in  the  association  of  p27  with 
cdk2  matched  those  in  endogenous  p27  protein  ex¬ 
pression  (compare  Fig.  5A  and  Fig.  2).  Indeed,  as 
compared  with  the  VP  of  untreated  castrated  rats,  the 
amount  of  cdk2/p27  complexes  was  substantially  de¬ 
creased  and  almost  undetectable  in  the  VP  of  cas¬ 
trated  rats  treated  by  TP  for  1 2  or  24  h.  The  abundance 
of  p27  bound  to  cdk2  increased  significantly  at  48  h  of 
TP  treatment,  peaked  at  72  h,  and  then  declined  at 
96  h  despite  further  TP  treatment.  The  lowest  amount 
of  cdk2-  bound  p27  was  found  In  the  VP  of  intact 


animals.  These  coimmunoprecipitation  experiments 
were  performed  using  high  amounts  of  protein  lysates 
and  low  amounts  of  antl-cdk2  antibody  to  saturate 
anti-cdk2  antibodies  with  cdk2  in  each  condition. 
Thus,  since  the  abundance  of  immunoprecipitated 
cdk2  was  similar  in  all  samples  (Fig.  5B),  the  increased 
association  of  p27  with  cdk2  at  48-96  h  of  TP  treat¬ 
ment  was  not  merely  due  to  an  increased  amount  of 
cdk2  protein  in  the  lysates. 

Evidence  for  Androgen  Regulation  of  p27 
Expression  by  Degradation  via  the  Ubiquitin- 
Proteasome  Pathway 

We  next  searched  for  the  mechanisms  responsible  for 
the  regulation  of  p27  expression  by  TP.  We  first  tested 
for  levels  of  p27  ubiquitin-proteasome-mediated  deg¬ 
radation  activity  in  the  different  VP  lysates  by  using  a 
previously  described  assay  (36,  56,  57)  in  which  puri- 
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Fig.  5.  Association  of  p27  with  cdk2  in  the  Regenerating  Prostate  of  Castrated  Rats 
After  treatment  by  TP  (6.6  mg/kg,  once  daily)  for  the  Indicated  times,  castrated  rats  (7  per  time  point)  were  killed,  and  the  VP 
from  each  animal  was  harvested.  The  VP  from  seven  Intact  age-matched  male  rats  was  also  collected.  The  VP  specimens  from 
each  group  of  seven  rats  were  randomly  pooled  in  duplicates  containing  three  and  four  VP  specimens,  each.  Total  proteins  were 
extracted  and  used  in  cdk2/p27  coimmunoprecipitation  experiments.  A,  Protein  lysates  (500  /xg  per  sample)  were  immunopre¬ 
cipitated  with  1.5  /Ltg  of  anti-cdk2  antibody,  as  detailed  in  Materials  and  Methods.  The  immunoprecipitates  were  subjected  to 
SDS-PAGE  and  transferred  to  nitrocellulose  membranes,  which  were  blotted  with  an  anti-p27  antibody.  Immunoprecipitates  of 
VP  lysates  (500  iig)  from  rats  treated  by  TP  for  72  h  with  1.5  /xg  of  rabbit  IgG  were  used  as  negative  controls.  One  hundred 
micrograms  of  nonimmunoprecipitated  intact  VP  protein  lysates  were  also  used  in  the  Western  blotting  procedure.  Coimmuno¬ 
precipitation  experiments  were  performed  with  both  sets  of  pooled  samples  and  yielded  reproducible  results.  B,  p27-probed 
membranes  were  subsequently  stripped  and  reprobed  with  an  anti-cdk2  antibody  to  examine  the  amount  of  immunoprecipitated 
cdk2  in  the  different  samples. 
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tied  recombinant  hiSg-tagged  p27  serves  as  a  sub¬ 
strate  to  the  lysates.  Kinetic  profiles  of  p27  degrada¬ 
tion  obtained  by  using  the  samples  from  each  time 
point  of  TP  treatment  clearly  showed  that  VP  protein 
lysates  were  able  to  degrade  exogenous  p27  and  that 
this  ability  to  degrade  the  protein  was  modulated  in 
time,  as  prostates  were  replenished  with  TP  (Fig.  6A). 
p27  was  degraded  in  a  proteasome-dependent  man¬ 
ner  since  the  addition  of  a  specific  proteasome  inhib¬ 
itor  (MG-132)  to  the  VP  protein  lysates  (which  con¬ 
tained  the  nonproteosomal  protease  inhibitors 
phenylmethylsulfonylfluorlde  ,  aprotinin,  and  leupep- 
tin)  completely  nullified  p27  degradation  (Fig.  6C). 

To  measure  p27  degradation  activity  levels  in  the 
different  samples  and  to  correlate  these  levels  with 
the  expression  levels  of  the  endogenous  protein  In  the 
corresponding  samples,  the  relative  amounts  of  unde¬ 
graded  hiS6-p27  after  0  and  4  h  of  incubation  in  the 
presence  of  the  lysates  were  analyzed  by  Western 
blotting  and  quantified  by  densitometry.  p27  abun¬ 
dance  was  inversely  correlated  with  the  level  of  deg¬ 
radation  activity  for  the  protein  during  the  course  of  TP 
treatment  (Fig.  7A).  Importantly,  the  highest  level  of 
p27  degradation  activity  was  observed  in  the  intact 
VP,  while  castration  abolished  this  activity  almost 
completely. 

Some  degradation  of  p21 ,  which  is  also  a  target  of 
the  ubiquitin-proteasome  pathway  (58-61),  was  noted 
in  all  the  samples  tested  (Fig.  6B).  However,  in  contrast 
to  p27,  the  levels  of  p21  degradation  activity  remained 
stable  (Fig.  7A). 

We  then  determined  whether  Flutamide  (F)  blocked 
TP-induced  degradation  of  p27  as  further  proof  that 
degradation  of  p27  was  under  androgen  control  and 
that  this  effect  was  AR-mediated.  As  shown  in  Fig.  8, 
top  panel,  F  completely  blocked  degradation  induced 
by  TP  in  castrate  rats.  A  Western  blot  of  VP  lysates 
probed  with  probasin  antibody  (bottom  panel),  a 
marker  of  testosterone  activity  in  mouse  and  rat  pros¬ 
tate  (56),  showed  that  castration  abolished  its  expres¬ 
sion.  Probasin  expression  was  partially  restored  by 
24  h  of  TP  treatment,  and  the  TP-induced  probasIn 
expression  was  almost  completely  blocked  by  F. 

Expression  of  p27  transcripts  during  the 
Androgen-Induced  Regeneration  of  Castrated 
Rat  VP 

We  also  investigated  whether  p27  and  p21  mRNA 
levels  were  modulated  in  the  regenerating  VP  of  cas¬ 
trated  rats  using  Taqman  Real-Time  RT-PCR  (PE  Ap¬ 
plied  Biosystems,  Foster  City,  CA).  After  inducing  a 
drop  in  the  level  of  p27  transcripts  at  12  h  of  treatment 
(2.6-fold  decrease),  sustained  TP  administration  re¬ 
sulted  in  a  slight  but  consistent  increase  in  p27  mRNA 
levels,  which  peaked  at  96  h  of  treatment  (2.3-fold 
induction)  (Fig.  7B).  The  highest  level  of  p27  tran¬ 
scripts  was  detected  in  the  VP  from  intact  rats.  On  the 
other  hand,  p21  mRNA  levels  were  gradually  and  sub¬ 
stantially  up-regulated,  with  maximal  levels  attained  at 
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96  h  of  TP  treatment  (5.7-fold  induction).  Also,  the  level 
of  p21  transcripts  was  almost  3  times  higher  In  the  VP 
of  intact  rats  than  that  in  the  VP  of  untreated  castrated 
animals.  Thus,  our  results  strongly  suggest  that  tes¬ 
tosterone  regulates  p27  expression  mainly  through  Its 
ubiquitin-proteasome-mediated  degradation  while  it 
transcriptionally  Induces  p21  expression  in  the  regen¬ 
erating  rat  prostate. 

Expression  of  skp2,  the  Ubiquitin  Ligase  for  p27, 
in  the  Regenerating  Rat  Prostate 

To  further  elucidate  the  mechanism(s)  by  which  the 
proteasome-mediated  degradation  of  p27  is  restored 
by  readministration  of  TP  to  castrate  animals,  we  as¬ 
sessed  expression  of  skp2,  the  p27  targeting  F-box 
protein  in  the  ubiquitin  ligase  for  p27,  at  the  various 
time  points  of  the  treatment.  Whereas  no  change  was 
noted  between  VP  lysates  from  intact  and  those  from 
castrate  rats,  a  substantial  increase  in  skp2  levels, 
which  preceded  times  of  peak  proliferative  rates  and 
paralleled  p27  degradation  activity,  was  observed 
starting  as  early  as  12  h  after  TP  administration  and 
consistently  decreasing  thereafter  (Fig.  9).  These  re¬ 
sults  suggest  that,  when  androgen-driven  proliferation 
is  induced,  increased  skp2  may  be  responsible  for  the 
enhanced  degradation  of  p27. 


DISCUSSION 

In  the  present  study,  we  have  used  a  castration- 
regeneration  rat  prostate  model  for  investigating  the  in 
vivo  regulation  of  p27  expression  by  androgens.  In 
agreement  with  other  reports,  our  results  demonstrate 
that  sustained  TP  administration  to  castrated  rats 
stimulates  VP  epithelial  cell  proliferation,  whose  rate 
peaks  at  72  h  of  androgen  replenishment  and  then 
declines  despite  further  treatment  (1,  3,  5,  62-64). 

Using  Western  blot  experiments,  we  show  that  the 
castration-induced  atrophy  of  the  VP  is  associated 
with  a  significant  up-regulation  of  p27  expression  as 
compared  with  the  VP  of  intact  animals.  In  addition,  TP 
administration  to  castrated  rats  induces  an  early  (12  h) 
and  substantial  drop  in  p27  levels  while  the  expression 
levels  of  several  Gi -associated  cdks  and  cyclins  re¬ 
mains  unchanged.  This  significant  decrease  in  p27 
expression  levels  is  also  detected  by  immunohisto- 
chemistry  in  both  basal  and  secretory  cells.  Further¬ 
more,  the  amount  of  p27  bound  to  cdk2,  its  main 
target,  declines  markedly  in  the  early  phase  of  TP 
replenishment,  suggesting  a  release  in  the  inhibition  of 
cdk2  activity.  Together,  these  results  thus  indicate  that 
the  initial  down-regulation  of  p27  in  the  androgen- 
induced  regeneration  of  VP  In  castrated  rats  may  rep¬ 
resent  a  primary  cel!  cycle  event,  thereby  allowing  VP 
epithelial  cells  to  proliferate. 

Unexpectedly,  the  level  of  p27  expression  detected 
by  Western  blot  peaks  at  the  same  time  as  the  rate  of 
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Fig.  6.  Kinetics  of  p27  and  p21  Degradation  in  the  Regenerating  VP  of  Castrated  Rats 
After  treatment  by  TP  (6.6  mg/kg,  im,  once  daily)  for  the  Indicated  times,  castrated  rats  (7  per  time  point)  were  killed  and  the 
VP  from  each  animal  was  harvested.  The  VP  from  seven  intact  age-matched  male  rats  was  also  collected.  The  VP  specimens  from 
each  group  of  seven  rats  were  randomly  pooled  in  duplicates  containing  three  and  four  VP  specimens  each.  Total  proteins  were 
isolated  from  each  pooled  sample.  Purified  human  recombinant  hiSg-tagged  p27  (A)  and  p21  (B)  proteins  (300  ng)  were  incubated 
for  the  indicated  times  at  37  C  in  the  presence  of  a  degradation  mix  containing  100  jug  of  each  VP  protein  lysate,  as  described 
in  Materials  and  Methods.  The  degradation  of  the  hisg-tagged  proteins  by  the  lysates  was  analyzed  by  immunoblotting  with  an 
antihistidine  antibody.  Each  degradation  assay  was  performed  at  least  twice  with  both  sets  of  pooled  samples  and  consistent 
results  were  observed.  Control  experiments  included  the  omission  of  the  lysates  from  the  degradation  mix.  No  specific  signal  was 
obtained  when  the  tagged  proteins  were  not  added  to  the  degradation  mix  (data  not  shown).  C,  Protein  lysates  (1 00  jug)  from  the 
VP  of  intact  animals  were  assayed  for  hlsg-p27  degradation  activity  In  the  presence  or  absence  of  the  proteasome  inhibitor 
MG-132  (100  jum)  In  the  degradation  mixture. 
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Fig.  7.  Androgen  Regulation  of  p27  and  p21  Expression  in  the  Regenerating  Prostate  of  Castrated  Rats 
After  treatment  by  TP  (6.6  mg/kg,  once  daily)  for  the  indicated  times,  castrated  rats  (7  per  time  point)  were  killed  and  the  VP 
from  each  animal  was  harvested.  The  VP  from  seven  Intact  age-matched  male  rats  was  also  harvested.  The  VP  specimens  from 
each  group  of  seven  rats  were  randomly  pooled  in  duplicates  containing  three  and  four  VP  specimens  each.  A,  The  degradation 
activity  of  the  VP  lysates  for  hisg-tagged  p21  and  p27  proteins  was  analyzed  by  immunoblotting  with  an  antihistidine  antibody, 
as  described  in  Materials  and  Methods.  Quantification  of  degradation  activity  for  the  exogenous  proteins  was  done  by  densito- 
metric  analysis  of  the  bands  at  ±22  kDa  and  ±28  kDa  corresponding  to  undegraded  hiSg-tagged  p21  and  p27  proteins, 
respectively.  Relative  degradation  activity  of  the  samples  at  each  time  point  after  TP  injections  (closed  circles)  was  calculated  by 
dividing  the  densitometric  value  of  the  band  obtained  with  the  sample  without  incubation  (0  h)  by  the  one  obtained  with  the  sample 
incubated  for  4  h  in  the  degradation  mix.  Relative  levels  of  p27  and  p21  degradation  activity  were  compared  with  the  endogenous 
levels  of  p27  and  p21  proteins  (open  diamonds)  in  the  VP  at  each  time  point  (see  Fig.  2).  All  values  are  normalized  to  those  found 
in  the  VP  of  untreated  castrated  rats.  B,  Total  RNA  was  extracted  from  each  VP  tissue  duplicate.  One  microgram  of  total  RNA 
per  sample  was  reverse-transcribed  and  a  one-twentieth  of  each  RT  reaction  was  subjected  to  Taqman  Real-Time  PCR 
amplification,  as  described  in  Materials  and  Methods.  The  specific  rat  p27  and  p21  primers  and  probes  used  in  the  PCR  reactions 
are  shown  in  Table  1 .  The  housekeeping  GAPDH  gene  was  used  as  endogenous  control.  The  relative  amounts  of  p27  and  p21 
transcripts  in  each  sample  were  determined  using  the  standard  curve  method  and  were  normalized  to  GAPDH  mRNA  expression 
levels.  All  values  represent  the  mean  of  triplicates  and  are  normalized  to  those  found  in  the  VP  of  untreated  castrated  rats.  Error 
bars  stand  for  sds.  Taqman  PCR  experiments  were  performed  with  both  sets  of  pooled  samples,  and  consistent  results  were 
observed.  PCR  reactions  with  samples  in  which  the  reverse  transcriptase  or  the  target  RNA  was  omitted  from  the  RT  reaction  did 
not  yield  any  significant  amplification  (data  not  shown). 
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Fig.  8.  Effects  of  Flutamide  (F)  on  TP-Medlated  Degradation  of  p27 
Fourteen  days  after  surgical  castration,  rats  were  Injected  sc  with  10  mg  of  F  ,  twice  a  day,  for  48  h.  At  24  h  from  the  initial  F 
injection,  rats  were  injected  with  6.6  mg/kg  of  TP  Im,  once  a  day,  for  24  h.  The  animals  were  then  killed.  Castrated  rats  injected 
with  TP  only  and  killed  24  h  after  injection  served  as  controls.  The  VPs  of  castrates  (first  three  lanes,  top  panel),  castrates  treated 
with  TP  alone  (middle  three  lanes,  top  panel)  or  castrates  treated  with  both  F  and  TP  (last  three  lanes,  top  panel)  were  harvested, 
degradation  assays  for  p27  were  performed,  and  immunoblots  were  probed  with  antihistidine  (a-his)  antibodies  as  described. 
Zero-,  1-,  and  4-h  time  points  are  shown  for  all  treatment  groups.  Antiprobasin  Western  blot  performed  on  lysates  of  castrates, 
TP-treated  castrates,  and  TP-  and  F-treated  castrates  is  shown  in  the  lower  panel. 
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Fig.  9.  Expression  of  skp2  in  the  VP  of  Testosterone-Treated  Castrated  Rats 
Castrated  rats  (7  per  time  point)  were  killed  0, 12, 24, 48, 72,  and  96  h  after  the  beginning  of  androgen  replenishment  (6,6  mg/kg 
TP,  once  daily).  The  VP  of  each  animal  was  harvested.  VP  specimens  from  seven  age-matched  intact  animals  were  also  used. 
Tissue  sample  duplicates  for  each  group  of  seven  rats  were  obtained  by  pooling  separately  the  VP  specimens  from  three  and  four 
animals.  Total  proteins  were  extracted  from  the  pooled  samples.  Protein  lysates  (1 00  /xg  per  sample)  were  subjected  to  Western 
blot  analysis  of  skp2  expression,  as  described  in  Materials  and  Methods.  Ponceau  S  staining  of  the  membranes  showed  equal 
protein  sample  loading  and  transferring  (data  not  shown).  Each  Western  blot  experiment  was  performed  at  least  twice  with  both 
sets  of  pooled  samples  and  consistent  results  were  observed.  Fold  increases  (+)  or  decreases  (-)  in  skp2  protein  levels  quantified 
by  the  ImageQuant  program  are  indicated  under  the  Western  blot. 


epithelial  cell  proliferation  and  the  levels  of  -related 
cdks  and  cyclins  are  maximal.  Indeed,  this  observation 
is  in  apparent  contradiction  with  the  fact  that  p27 
expression  is  known  to  be  down-regulated  in  prolifer¬ 
ating  cells  (36),  Findings  from  our  immunohistochem- 
ical  experiments  have  helped  clarify  this  paradoxical 
observation.  First,  the  levels  of  p27  in  prostate  epithe¬ 
lial  cells  parallel  those  detected  by  Western  blot  In  the 
corresponding  total  protein  extracts  during  the  course 


of  TP  treatment,  indicating  that  the  changes  in  p27 
expression  detected  in  the  crude  homogenates  are 
representative  of  those  occurring  in  the  VP  epithelial 
compartment.  Second,  when  the  rate  of  cell  prolifer¬ 
ation  reaches  its  maximum,  the  majority  of  epithelial 
ceils  express  p27  whereas  a  minority  of  them  prolifer¬ 
ate.  Third,  the  detection  of  BrdU  and  the  expression  of 
p27  in  epithelial  cells  are  mutually  exclusive.  In  addi¬ 
tion,  the  increased  levels  of  p27  expression  detected 
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at  peak  TP-induced  proliferation  are  coincident  with 
an  increased  association  of  p27  with,  and  presumably 
inhibition  of,  cdk2.  Since  cells  expressing  p27  are 
BrdU-negatIve,  our  results  indicate  that  in  this  model, 
p27  may  play  a  significant  role  in  controlling  the  re¬ 
growth  and  restoring  the  glandular  structure  of  the  VP 
by  limiting  the  proliferation  of  epithelial  cells  and  fa¬ 
voring  their  postmitotic  differentiation.  Further  evi¬ 
dence  is  provided  by  our  observation  that,  concomi¬ 
tant  with  the  androgen-stimulated  enhancement  of  cell 
proliferation  and  progressive  reconstitution  of  VP  mor¬ 
phology,  p27  expression  is  significantly  induced  only 
in  nonproliferating  secretory  cells.  It  is  also  noteworthy 
that,  in  the  VP  of  intact  rats,  the  percentage  of  p27- 
positlve  cells  is  also  significantly  higher  in  the  secre¬ 
tory  compartment  than  in  the  basal  one.  This  is  In 
keeping  with  the  wide  expression  of  p27  in  human 
prostate  secretory  cells  as  compared  with  the  more 
restricted  expression  of  this  protein  in  basal  cells  (65) 
and  the  lack  of  its  expression  in  the  putative,  tran¬ 
siently  proliferating  intermediate  cell  compartment 
(52).  Altogether,  our  results  thus  add  weight  to  the 
body  of  data  indicating  an  important  role  for  p27  in  the 
switch  from  proliferation  to  differentiation  of  precur¬ 
sor/progenitor  cells  from  different  lineages  (41-48,  66). 

In  the  VP  of  untreated  castrated  rats,  p27  expres¬ 
sion  levels  are  significantly  higher  in  basal  than  in 
secretory  cells.  We  have  observed  a  similar  although 
more  striking  pattern  of  selective  distribution  of  p27 
expression  in  the  VP  gland  of  rats  that  had  been  cas¬ 
trated  for  4  months.  In  those  rats,  a  high  level  of 
anti-p27  nuclear  reactivity  Is  detected  in  virtually  all 
basal  cells  while  residual  secretory  cells  are  consis¬ 
tently  devoid  of  any  staining  (M.  Loda,  I.  Leav,  and  D. 
Waltregny,  unpublished  data).  Since  basal  cells  do  not 
suffer  a  substantial  loss  in  number  after  castration  (3), 
it  is  tempting  to  hypothesize  that  the  sustained,  high 
expression  of  p27  observed  in  basal  cells  after  cas¬ 
tration  may  be  related  to  the  suggested  role  of  this 
protein  in  the  prevention  of  cell  death.  Recent  studies 
on  p27“^“  mice  have  revealed  an  antlapoptotic  role  of 
p27  in  growth  factor-deprived  mesangial  cells  and 
fibroblasts  (67).  p27  also  protects  cells  from  cyclohex- 
amide-lnduced  apoptosis  (71)  and  has  been  shown  to 
inhibit  apoptosis  after  inflammatory  injuries  In  renal 
glomerular  and  tubular  cells  (68).  In  a  human  leukemia 
cell  line,  overexpression  of  p27  confers  resistance  to 
induction  of  apoptosis  by  several  cytotoxic  agents 
(69).  Thus,  although  our  hypothesis  that  p27  overex¬ 
pression  may  safeguard  basal  cells  from  androgen 
deprivation-induced  apoptosis  remains  at  this  time 
highly  speculative,  it  certainly  deserves  further 
investigation. 

It  is  known  that  p27  expression  can  be  regulated  at 
multiple  levels  (49),  but  the  relative  contribution  of 
transcriptional,  translational,  or  proteolytic  control  to 
p27  regulation  In  various  physiological  and  patholog¬ 
ical  contexts  in  the  prostate  gland  remains  largely 
unknown.  Our  results  provide  the  first  demonstration 
that  androgens  regulate  p27  expression  in  an  animal 
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model.  Using  lysates  from  VPs  at  the  various  time 
points,  we  determined  that  p27  is  regulated  primarily 
by  ubiquitin-proteasome-medlated  degradation.  In 
fact,  a  maximal  level  of  p27  degradation  activity  is 
observed  in  the  VP  of  intact  animals,  whereas  castra¬ 
tion  abrogates  this  activity  almost  completely.  Pro¬ 
gressive  restoration  of  p27  degradation  activity  is  ob¬ 
tained  with  TP  replenishment  and  blocked  by  the 
antiandrogen  flutamide.  In  contrast  to  the  p21  gene,  to 
date,  no  androgen  response  element  has  been  found 
in  the  cloned  portion  of  the  p27  gene  promoter  (70). 
Our  results  reveal  that  TP  treatment  slightly  modulates 
p27  transcription  in  the  VP  of  castrated  rats.  However, 
in  view  of  the  kinetics  and  magnitude  of  changes  in 
p27  mRNA  expression,  androgen-mediated  p27  tran¬ 
scriptional  regulation,  alone,  is  insufficient  to  explain 
the  levels  of  p27  protein  expression  detected  during 
the  course  of  the  treatment.  Furthermore,  since  the 
highest  level  of  p27  transcripts  is  found  in  the  VP  of 
intact  rats  while  the  protein  level  is  the  lowest,  we 
conclude  that  in  the  VP  of  sexually  mature  rats  TP 
Induces  a  high  p27  protein  turnover  by  augmenting  its 
proteasome-mediated  degradation. 

The  specific  mechanism  by  which  androgens  regu¬ 
late  p27  degradation  is  unknown.  It  has  been  recently 
shown  that  the  F-box  protein  skp2  is  the  targeting 
subunit  of  the  ubiquitin  ligase  complex  specific  for  p27 
(34,  35,  71).  Skp2  levels  are  highest  in  S-phase  when 
p27  degradation  is  also  maximal  (34,  35,  71-73).  We 
therefore  assessed  levels  of  this  protein  in  the  various 
experimental  conditions.  We  provide  evidence  that  the 
amount  of  skp2  parallels  the  level  of  p27  degradation 
activity  In  the  regenerating  (proliferating)  prostate  and, 
importantly,  its  increased  expression  precedes  peak 
proliferation.  Although  the  mechanism  regulating  p27 
degradation  activity  in  the  nonproliferative  state,  i.e. 
the  intact  prostate,  remains  unknown,  our  data  sug¬ 
gest  that  skp2  is  induced  by  testosterone  and  may 
mediate  this  process  when  prostate  epithelial  cells  are 
stimulated  to  proliferate. 

The  regulation  of  p27  proteasome-mediated  proteo¬ 
lytic  activity  in  the  regenerating  prostate  may  be 
specific  for  this  protein.  Indeed,  the  levels  of  p21  deg¬ 
radation  activity,  another  target  of  the  ubiquitln- 
proteasome  pathway  (58-61),  remain  unchanged  dur¬ 
ing  the  course  of  TP  treatment  and  thus  cannot 
account  for  the  gradual  increase  in  expression  levels 
of  this  protein  observed  during  TP  treatment.  In  fact,  it 
has  been  shown  that  the  p21  gene  can  be  transcrip¬ 
tionally  activated  by  androgens  in  vitro  through  bind¬ 
ing  of  AR  with  an  androgen  response  element  present 
in  Its  proximal  promoter  (74).  In  this  report,  we  sub¬ 
stantiate  these  findings  In  an  in  vivo  model  by  dem¬ 
onstrating  that  the  levels  of  p21  transcripts  are  signif¬ 
icantly  up-regulated  by  androgens. 

In  summary,  the  results  from  the  present  study  con¬ 
vincingly  suggest  that  p27  plays  an  important  role  in 
the  control  of  testosterone-stimulated  proliferation 
and  differentiation  of  normal  prostate  epithelial  cells.  In 
addition,  these  results  support  the  hypothesis  that  the 


MOL  ENDO  •  2001 
778 


Vol.  15  No.  5 


regulation  of  p27  levels  by  androgens  in  these  cells  is 
dependent  on  the  AR  and  achieved  through  modula¬ 
tion  of  its  specific  degradation  by  the  ubiquitin- 
proteasome  proteolytic  system. 


MATERIALS  AND  METHODS 


Animals  and  Tissues 

All  animals  were  maintained  in  accordance  with  the  N(H 
Guide  for  the  Care  and  Use  of  Laboratory  Animals,  and  the 
specific  protocol  used  in  this  study  was  approved  by  the 
Dana-Farber  Cancer  Institute  Animal  Care  and  Use  Commit¬ 
tee.  Twelve  week-old  male  Noble  rats  were  purchased  from 
Charles  River  Laboratories,  Inc.  (Wilmington,  MA).  Fourteen 
days  after  surgical  castration,  rats  were  injected  im  with  6.6 
mg/kg  TP  (Sigma,  St.  Louis,  MO)  In  tocopherol-stripped  corn 
oil  (ICN  Biomedicals,  Inc.,  Aurora,  OH),  once  a  day,  for  4 
days.  At  0, 12,  24,  48,  72,  and  96  h  after  the  beginning  of  TP 
injections,  animals  (seven  rats  per  time  point)  were  injected  ip 
with  5  ml  of  PBS  containing  10  mM  BrdU  (Roche  Molecular 
Biochemicals,  Mannheim,  Germany)  and  killed  30  min  later 
by  CO2  asphyxiation.  The  ventral  prostate  (VP)  was  then 
harvested,  freed  of  fat,  and  two-thirds  of  each  VP  were  im¬ 
mediately  flash-frozen  in  liquid  nitrogen  and  then  stored  at 
-80  C  for  subsequent  RNA  and  protein  isolation.  The  remain¬ 
ing  third  of  each  VP  was  fixed  in  10%  phosphate  buffered 
formalin  overnight,  dehydrated  in  graded  alcohols,  and  par¬ 
affin  embedded  for  immunohistochemical  procedures.  Seven 
noncastrated  untreated  age-matched  male  rats  were  also 
included  as  control  animals. 

Castrated  rats  were  also  Injected  sc  with  10  mg  of  the 
anti-androgen  flutamide  (F)  (Sigma,  St.  Louis,  MO),  twice  a 
day,  for  48  h.  At  24  h  from  the  initial  F  injection,  rats  were 
injected  im  with  6.6  mg/kg  of  TP  (Sigma),  once  a  day,  for  24  h. 
The  animals  were  then  killed  and  the  VPs  were  harvested  and 
processed  as  described  above.  Castrated  rats  injected  with 
TP  only  and  killed  24  h  after  injection  served  as  controls. 

Every  20  mg  of  flutamide  was  dissolved  in  75  /xl  of  meth¬ 
anol,  75  jLil  of  butanol,  and  850  jul  of  tocopherol-stripped  corn 
oil  (ICN  Biomedicals,  Inc.,  Aurora,  OH). 

Protein  and  RNA  Extraction 

The  frozen  VP  specimens  from  each  group  of  seven  rats  were 
randomly  pooled  in  two  separate  sample  duplicates  contain¬ 
ing  three  and  four  VP  specimens,  each.  All  the  experiments 
described  in  this  study  were  performed  with  both  sets  of 
pooled  samples  and  yielded  reproducible  results  (data  not 
shown).  The  pooled  frozen  VP  samples  were  homogenized  by 
pulverization  using  a  Mikro-Dismembrator  S  (B.  Braun  Bio¬ 
tech  Inti.  GmbH,  Melsungen,  Germany)  to  generate  a  tissue 
powder  that  was  immediately  processed  for  protein  and  RNA 
extraction.  Total  RNA  was  extracted  from  10-20  mg  of  each 
tissue  homogenate  by  using  the  RNeasy  mini  kit  (QIAGEN, 
Valencia,  CA),  according  to  the  manufacturer’s  protocol.  The 
remaining  tissue  powder  was  lysed  in  3.5  vol/wt  of  lysis  buffer 
[10%  sucrose,  1  %  Nonidet  P-40, 20  mM  Tris  (pH  8.0),  137  mM 
NaCI,  10%  glycerol,  2  mM  EDTA,  10  mM  NaF,  1  mM  NaaVOJ 
containing  phenylmethylsulfonyl  fluoride  (1  mM),  soybean 
trypsin  inhibitor  (10  jLig/ml),  leupeptin  (1  jag/ml),  and  aprotinin 
(1  M,g/ml).  Protein  lysates  were  placed  in  ice  for  30  min, 
vortexed  every  10  min,  and  then  cleared  by  centrifugation  at 
1 2,000  X  g  for  20  min  at  4  C.  The  supernatants  were  retrieved 
and  frozen  at  -80  C  until  use  in  immunoblot,  coimmunopre- 
cipitation,  and  degradation  assays.  The  protein  concentration 
was  measured  using  the  Bio-Rad  protein  assay  kit  (Bio-Rad 
Laboratories,  inc.  Hercules,  CA). 


Western  Blot  Analysis 

Protein  lysates  (1 00  fxg  from  each  sample)  were  resolved  by 
size  on  12%  or  16%  SDS-polyacrylamide  gels  and  trans¬ 
ferred  onto  nitrocellulose  membranes  (Protran,  Schleicher  & 
Schuell,  Inc.,  Keene,  NH),  which  were  stained  with  Ponceau 
S  (Sigma)  to  examine  the  equal  protein  sample  loading  and 
transferring  (data  not  shown).  The  membranes  were  blocked 
with  5%  nonfat  dry  milk  In  Tris-buffered  saline  [20  mM  Tris 
base  (pH  7.6),  150  mM  NaCI]  containing  0.1%  Tween-20 
(TBS-T),  and  probed  with  the  following  antibodies;  anti-cdk2 
(M2)  (0.4  Aig/ml),  anti-cdk4  (C-22)  (0.4  jLtg/ml),  anti-cdk6  (C- 
21)  (0.4  fxg/m\),  anticyclin  E  (M-20)  (0.4  jutg/ml),  anti-p21  (C- 
19)  (0.4  /xg/ml),  anti-skp2  (H-435)  (0.4  /xg/ml)  (Santa  Cruz 
Biotechnology,  Inc.,  Santa  Cruz,  CA),  anti-AR  (PG-21)  (1.5 
;tg/ml)  (Upstate  Biotechnology,  inc.,  Lake  Placid,  NY),  anti¬ 
cyclin  D1  (CC12)  (0.8  jLtg/ml)  (Calbiochem,  Cambridge,  MA), 
anti-p27  (0.1  /ig/ml)  (Transduction  Laboratories,  Inc.,  Lexing¬ 
ton,  KY)  and  antiprobasin  (1 :3,000)  (56)  (kind  gift  of  Dr.  Nor¬ 
man  Greenberg,  Baylor  College  of  Medicine,  Houston,  TX) 
antibodies.  After  washing  in  TBS-T,  membranes  were  incu¬ 
bated  with  horseradish  peroxidase  (HRP)-conjugated  sec¬ 
ondary  antibodies  (Bio-Rad  Laboratories,  Inc.  Hercules,  CA) 
and  developed  using  an  enhanced  chemiluminescence  de¬ 
tection  system  (ECL  detection  kit;  Amersham  Pharmacia  Bio¬ 
tech,  Arlington  Heights,  IL)  according  to  the  instructions  of 
the  manufacturer.  Membranes  were  exposed  to  X-Omat  AR 
film  (Eastman  Kodak  Co.,  Rochester,  NY).  The  immunoblots 
were  quantitated  by  densitometric  analysis  using  image- 
Quant  software  (Molecular  Dynamics,  Inc.,  Sunnyvale,  CA). 

Coimmunoprecipitation  Assay 

To  study  the  association  of  p27  with  cdk2/cyclin  complexes, 
lysates  containing  500  /ng  of  total  proteins  normalized  to  a  1 
ml  volume  in  lysis  buffer  were  precleared  by  incubation  with 
100  /xl  of  a  1:1  (vol/voi)  slurry  of  protein  A-sepharose  beads 
(Sigma)  for  45  min  on  a  rotator  at  4  C.  Protein  complexes 
were  Immunoprecipitated  from  the  precleared  lysates  by  ad¬ 
dition  of  1 .5  jLtg  of  anti-cdk2  antibodies  overnight  at  4  C  with 
constant  rotation,  followed  by  the  addition  of  50  /xl  of  a  50% 
slurry  of  beads  for  45  min  at  4  C  with  mild  agitation.  After 
three  washes  with  1  ml  cold  lysis  buffer,  pelleted  beads  were 
quenched  in  20  /xl  of  2x  Laemmli  sample  buffer  and  boiled. 
The  mixtures  were  spun  down  at  1 0,000  x  g  for  30  sec  and 
20  /xl  of  each  supernatant  were  retrieved  and  analyzed  by 
immunoblot  using  anti-p27  antibody  as  described  above.  The 
filters  were  subsequently  stripped  and  reprobed  with  an  anti- 
cdk2  antibody  to  examine  the  amount  of  immunoprecipitated 
cdk2  in  the  different  samples  tested,  immunoprecipitations 
with  1 .5  /xg  of  rabbit  IgG  (Vector  Laboratories,  Inc.  Burlin¬ 
game,  CA)  instead  of  anti-cdk2  antibodies  were  used  as 
negative  control  experiments. 

Degradation  Assay 

Degradation  assay  experiments  were  performed  as  previ¬ 
ously  described  (36,  57,  75)  with  minor  modifications.  Three 
hundred  nanograms  of  human  hexahistidine(his6)-tagged 
p27  and  p21  proteins  (bacterially  expressed  and  purified  as  in 
Ref.  36)  were  incubated  at  37  C  for  0, 1 , 4,  and  15  h  in  60  /xl 
of  degradation  mix  containing  100  /xg  of  protein  homoge¬ 
nates,  50  mM  Tris-HCI,  pH  8.0,  5  mM  MgCIs,  1  mM  dithiothre- 
itol,  2  mM  ATP,  60  jxg/ml  creatine  phosphokinase,  10  mM 
creatine  phosphate,  and  5  /xm  ubiquitin.  The  reactions  were 
carried  out  In  a  PCR  Instrument  and  stopped  at  the  different 
time  points  by  addition  of  2x  Laemmli  sample  buffer.  The 
degradation  of  hiSg-tagged  p27  and  p21  proteins  by  the  rat 
VP  protein  lysates  was  analyzed  by  immunoblotting  with  an 
antihistidine  monoclonal  antibody  (0.1  /xg/ml)  (QIAGEN,  Va¬ 
lencia,  CA),  as  detailed  above.  To  ensure  that  endogenous 
p27  present  in  the  VP  lysates  was  not  significantly  competing 
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for  proteasome  degradation  with  hisg-tagged  p27,  we  had 
previously  checked  by  Western  blot  using  an  anti-p27  anti¬ 
body  that  the  amount  of  exogenous  p27  added  to  the  deg¬ 
radation  mixtures  was  in  large  excess  to  that  of  endogenous 
p27  (data  not  shown).  Control  degradation  experiments  in¬ 
cluded  the  omission  of  the  hiSg-tagged  protein  as  well  as  the 
omission  of  the  lysate  from  the  degradation  mix.  To  demon¬ 
strate  that  p27  degradation  activity  was  dependent  on  the 
proteasome  proteolytic  activity  of  the  lysates,  degradation 
assays  were  performed,  in  which  either  the  proteasome  in¬ 
hibitor  MG-132  (carbobenzoxyl-L-leucyl-L-leucyl-L-leucinal, 
Calbiochem-Novabiochem  Corp.,  La  Jolla,  CA)  dissolved  in 
dimethylsulfoxide  (DMSO)  (100  /xM  final  concentration)  or 
DMSO  alone  was  added  to  the  degradation  mixture.  Quan¬ 
tification  of  degradation  activity  was  done  by  densitometric 
analysis  of  the  bands  of  slowest  electrophoretic  migration,  in 
extenso  the  bands  at  ±22  kDa  and  ±28  kDa  corresponding 
to  undegraded  hiSg-tagged  p21  and  p27  proteins,  respec¬ 
tively.  Relative  degradation  activity  of  the  samples  at  each 
time  point  after  TP  injections  was  then  calculated  by  dividing 
the  densitometric  assessment  of  the  band  Intensity  obtained 
without  incubation  (0  h)  by  the  one  obtained  after  4  h  of 
incubation  in  the  degradation  mix. 

Real-Time  RT-PCR  (Taqman  RT-PCR) 

Reverse  Transcription.  For  cDNA  synthesis,  1  jxg  of  total 
RNA  was  reverse-transcribed  in  a  20  /xl  reaction  mixture 
containing  250  fiM  of  each  deoxynucleoside  triphosphate 
(dNTP),  20  U  of  RNase  inhibitor,  50  U  of  MuLV  Reverse 
Transcriptase  (RT),  2.5  /xm  random  hexamers,  and  1X  buffer 
(1.5  mM  MgCl2)  (all  reagents  purchased  from  PE  Applied 
Biosystems,  Foster  City,  CA).  The  reaction  mix  was  incu¬ 
bated  at  42  C  for  45  min  and  then  denatured  at  99  C  for  5  min. 
Reactions  not  containing  the  RT  or  omitting  the  target  RNA 
were  used  as  controls. 

Primers  and  Probes.  Specific  primers  and  probes  for  rat 
p27  and  p21  genes  (Table  1)  were  designed  from  sequences 
available  in  the  GenBank  database,  using  the  Primer  Express 
1.0  Software  (PE  Applied  Biosystems).  The  housekeeping 
glyceraldehyde-3-phosphate  dehydrogenase  (GAPDH)  gene 
(Taqman  rodent  GAPDH  control  reagents  kit,  PE  Applied 
Biosystems,  Foster  City,  CA)  was  used  as  endogenous  con¬ 
trol  to  normalize  the  amount  of  p27  and  p21  transcripts  in 
each  reaction.  The  choice  of  this  reference  gene  was  guided 
by  results  from  a  previous  study  showing  that  GAPDH  mRNA 
levels  were  not  significantly  altered  In  the  regenerating  pros- 


Table  1.  Sequences  of  Primers  and  Probes  Used  for 

Taqman  PCR  Experiments _ 

Oligonucleotide  Name _ Sequence _ 


p27  Amplicon  size:  128  bp 
p27  Forward  primer 
p27  Reverse  primer 
p27  Hybridization  probe 


CCACAGTGCCAGCATTCG 

TGGGTTAGCGGAGCAGTGT 

AATCTTCTGCCGCAGGTCGCTTCC 


p21  Amplicon  size:  124  bp 
p21  Forward  primer  agcagttgagccgcgatt 
p21  Reverse  primer  cgaacacgctcccagacg 
p21  Hybridization  probe  ctttgacttcgccactgagacgcca 

The  rat  p27  gene  contains  an  intron  (our  unpublished  data, 
GenBank  Accession  no.  AF213701).  Discrimination  between 
cDNA  and  genomic  DNA  was  enhanced  by  use  of  intron- 
spanning  primers  for  p27.  In  addition,  the  hybridization 
probes  for  p27  also  spanned  an  Intron  to  minimize  annealing 
to  genomic  DNA.  No  intronic  sequence  has  been  reported  for 
the  rat  p21  gene.  _ _ 


tate  of  castrated  rats  treated  by  TP  (12).  All  sets  of  primers 
and  probe  were  selected  to  work  under  identical  cycling 
conditions.  cDNA  amplification  products  with  the  different 
primer  pairs  had  been  previously  checked  to  yield  a  single 
band  of  the  expected  size  after  electrophoretic  migration  in  a 
2%  agarose  gel  stained  with  ethidium  bromide  (data  not 
shown).  Probes  were  synthesized  by  PE  Applied  Biosystems. 
Real-Time  PCR.  Taqman  PCR  was  performed  on  the 
cDNA  samples  using  an  ABl  PRISM  7700  Sequence  Detector 
(PE  Applied  Biosystems).  The  Taqman  PCR  Core  Reagent  kit 
(PE  Applied  Biosystems)  was  used  according  to  the  manu¬ 
facturer’s  directions  with  the  following  modifications:  dUTP 
was  replaced  by  dTTP  at  the  same  concentration,  and  incu¬ 
bation  with  AmpErase  was  omitted.  For  each  sample  tested, 
PCR  reaction  was  carried  out  in  a  50  /x!  volume  containing  1 
/xl  of  cDNA  reaction  (equivalent  to  50  ng  of  template  RNA) 
and  2.5  U  of  AmpliTaq  Gold  (PE  Applied  Blosystems).  Oligo¬ 
nucleotide  primers  and  fluorogenic  probes  were  added  to  a 
final  concentration  of  100  nivi  each.  After  activation  of  Ampli¬ 
Taq  Gold  for  1 0  min  at  94  C,  the  amplification  step  consisted 
of  60  cycles  of  94  C  for  45  sec,  58  C  for  45  sec,  and  64  C  for 
1  min. 

In  each  experiment,  seven  additional  reactions  with  serial 
dilutions  (500 x  magnitude)  of  intact  VP  cDNA  as  template 
were  performed  with  each  set  of  primers  and  probe  in  the 
same  96-well  plate  to  generate  standard  curves  relating  the 
threshold  cycle  (Cj)  to  the  log  input  amount  of  template.  All 
samples  were  run  in  triplicate.  The  relative  amounts  of  p27 
and  p21  transcripts  in  each  sample  were  determined  using 
the  standard  curve  method  and  were  normalized  to  GAPDH 
mRNA  expression  levels,  as  described  in  detail  In  ABl  PRISM 
Sequence  Detection  System  User  Bulletin  2  (PE  Applied  Bio¬ 
systems)  and  elsewhere  (76). 

Immunohistochemistry  and  Immunofluorescence 

Antibodies  and  Immunodetection  of  p63,  p27,  and  BrdU. 

Immunostaining  experiments  for  p27  and  BrdU  were  per¬ 
formed  in  all  paraffin-embedded  VP  tissue  specimens  with 
anti-p63  (4A4,  gift  of  Frank  McKeon,  Harvard  Medical 
School),  anti-p27  (Transduction  Laboratories,  Inc.,  Lexing¬ 
ton,  KY),  and  anti-BrdU  monoclonal  antibodies  (Becton  Dick¬ 
inson  and  Co.,  Mansfield,  MA),  respectively.  Double  immu¬ 
nofluorescence  staining  for  p27  and  BrdU  was  performed  in 
the  paraffin-embedded  VP  specimens  from  seven  castrated 
rats  that  had  been  killed  at  72  h  of  TP  treatment. 

Five-micrometer  sections  were  deparaffin ized  in  xylene, 
and  then  rehydrated  and  subjected  to  microwaving  in  10  mM 
citrate  buffer,  pH  6.0  (BioGenex  Laboratories,  Inc.  San 
Ramon,  CA)  In  a  750  W  oven  for  1 5  min.  Slides  were  allowed 
to  cool  at  room  temperature  for  30  min.  Immunohistochem¬ 
istry  was  performed  by  an  automated  processor  (Optimax 
Plus  2.0  be,  BioGenex  Laboratories,  Inc.  San  Ramon,  CA). 
After  quenching  of  the  endogenous  peroxidase  activity  with 
3%  hydrogen  peroxide  in  methanol  for  10  min,  slides  were 
incubated  for  10  min  with  a  buffered  casein  solution  (Power 
Block  Reagent,  BioGenex  Laboratories,  Inc.)  to  block  the 
nonspecific  binding  sites.  Antibodies  (anti-p63, 1:50  dilution, 
anti-p27, 1 :3,000  dilution;  anti-BrdU,  1 :1 00  dilution)  were  ap¬ 
plied  at  room  temperature  for  2  h  in  the  automated  stainer. 
Detection  steps  were  performed  by  the  instrument  utilizing 
the  MultiLink-HRP  kit  (BioGenex  Laboratories,  Inc.).  Stan¬ 
dardized  development  times  with  the  chromogenic  substrate 
[3,3'-diaminobenzidine  tetrahydrochloride  (DAB)  (for  anti-p27 
staining)  ±  nickel  chloride  (DAB-NC)  (for  anti-BrdU  staining)] 
allowed  accurate  comparison  of  all  samples.  Sections  were 
counterstained  with  hematoxylin,  rehydrated,  and  mounted 
for  microscopic  examination. 

For  double  immunofluorescence  staining  experiments,  an¬ 
tigen  retrieval  and  blocking  steps  were  performed  as  de¬ 
scribed  above.  Anti-p27  antibody  (dilution  1 :1 00)  was  applied 
at  room  temperature  for  1  h.  Sections  were  then  incubated 
with  secondary  biotinylated  antibody  (MultiLink,  BioGenex 
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Laboratories,  Inc.),  followed  by  detection  with  fluorescein 
isothiocyanate  (FITC)-conjugated  streptavidin  (Vector  Labo¬ 
ratories,  Inc.  Burlingame,  CA).  Sections  were  then  blocked 
with,  successively,  FITC-conjugated  antimouse  immuno¬ 
globulin  antibody  (Vector  Laboratories,  Inc.),  a  blocking  so¬ 
lution  (Power  Block,  BioGenex  Laboratories,  Inc.),  avidin,  and 
biotin  (both  from  BioGenex  Laboratories,  Inc.),  for  10  min 
each.  Subsequently,  anti-BrdU  antibody  (dilution  1:10)  was 
applied  for  1  h  at  room  temperature.  Then,  sections  were 
incubated  with  a  secondary  antibody  (MultiLink,  BioGenex 
Laboratories,  Inc.)  and  detection  was  performed  by  addition 
of  Texas  red-conjugated  streptavidin  (Vector  Laboratories, 
Inc.).  Slides  were  mounted  with  an  antifading  fluorescent 
medium  for  microscopic  examination  and  photomicrography 
under  an  BX50  microscope  (Olympus  Corp.,  Lake  Success, 
NY)  equipped  with  appropriate  filters. 

Substitution  of  the  primary  antibodies  with  PBS  served  as 
negative  staining  control.  For  p27,  strong  immunoreactivity  In 
small  lymphocytes,  which  Invariably  infiltrated  the  prostate 
stroma,  was  used  as  an  internal  positive  control. 

Evaluation  of  Immunohistochemical  Staining.  The  per¬ 
centage  of  BrdU-positIve  epithelial  cells  in  each  VP  was 
calculated  by  dividing  the  number  of  epithelial  cells  with 
BrdU-positive  nucleus  by  the  total  number  of  epithelial  cells 
counted  (-1000  cells).  BrdU  counts  were  done  separately  in 
basal  cells  and  secretory  cells  from  the  VP  of  castrated  rats 
treated  by  TP  for  72  h.  Scoring  of  p27  immunostaining  was 
done  according  to  the  percentage  of  epithelial  cells  (-500 
cells  counted)  exhibiting  detectable  nuclear  anti-p27  reactiv¬ 
ity,  as  previously  described  (57,  77).  p27  scores  were  deter¬ 
mined  In  the  basal  and  secretory  cell  subsets  separately  in  all 
VP  specimens.  The  distinction  between  basal  and  secretory 
cells  was  done  according  to  the  location  and  morphology  of 
the  nucleus  of  these  epithelial  cells,  as  determined  by  micro¬ 
scopic  examination  of  both  hematoxylin-eosin-stained  and 
antl-p27  immunostained  sections.  In  addition,  to  confirm  the 
morphological  assessment  of  basal  cells,  immunohistochem- 
istry  for  the  prostate  basal  cell  marker  p63  was  performed  in 
serial  sections  from  each  VP,  as  previously  detailed  (78).  All 
scoring  values  are  expressed  as  the  mean  ±  se  for  each 
group  of  seven  rats. 

Statistical  Analysis 

The  paired  t  test  was  used  to  assess  whether  there  were 
significant  differences  in  p27  expression  (percentage  of  pos¬ 
itive  cells)  between  basal  and  secretory  cells  within  the  same 
VP  specimen  at  each  time  point  of  TP  treatment.  The  same 
test  was  performed  to  examine  the  statistical  significance  of 
differences  in  the  percentages  of  BrdU-positive  cells  be¬ 
tween  the  basal  and  secretory  compartments  in  the  VP  of  rats 
treated  by  TP  for  72  h.  The  unpaired  t  test  was  used  to 
determine  whether  there  were  significant  differences  In  the 
percentages  of  p27-posltive  basal  or  secretory  cells  between 
rats  treated  by  TP  for  different  times.  The  tests  were  two- 
tailed  and  P  <  0.05  was  considered  statistically  significant. 
The  analyses  were  performed  with  a  statistics  software  pack¬ 
age  (Statview  4.02,  Abacus  Concepts  Inc.,  Berkeley,  CA). 

Acknowledgments 

The  authors  thank  William  Sellers,  Myles  Brown,  and  Michele 
Pagano  for  critical  review  of  the  manuscript  and  Jane  Hay¬ 
ward  for  assistance  with  photography. 


Received  July  14,  2000.  Re-revision  received  February  12, 
2001.  Accepted  February  16,  2001. 

Address  requests  for  reprints  to:  Massimo  Loda,  M.D., 
Department  of  Adult  Oncology,  Dana  Building  740B,  Dana- 
Farber  Cancer  Institute,  44  Binney  Street,  Boston,  Massa¬ 
chusetts  021 1 5.  E-mail:  Massimo_Loda@dfci.harvard.edu. 


This  work  was  supported  by  Department  of  Defense  Grant 
PC970273  and  National  Cancer  Institute  Grant  5R01CA- 
81755-03  (to  M.L.)  and  by  the  National  Fund  for  Scientific 
Research  (Belgium),  and  the  Leon  Frederick  Foundation 
(Liege,  Belgium)  (to  D.W.). 


REFERENCES 


1 .  Cunha  GR,  Donjacour  AA,  Cooke  PS,  Mee  S,  Bigsby  RM, 
Higgins  SJ,  Sugimura  Y  1987  The  endocrinology  and 
developmental  biology  of  the  prostate.  Endocr  Rev 
8:338-362 

2.  Evans  GS,  Chandler  JA  1987  Cell  proliferation  studies  in 
the  rat  prostate.  I.  The  proliferative  role  of  basal  and 
secretory  cells  during  normal  growth.  Prostate  10: 
163-178 

3.  English  HF,  Santen  RJ,  Isaacs  JT  1987  Response  of 
glandular  versus  basal  rat  ventral  prostatic  epithelial  cells 
to  androgen  withdrawal  and  replacement.  Prostate  11: 
229-242 

4.  Isaacs  JT,  Lundmo  PI,  Berges  R,  Martikainen  P,  Kypri- 
anou  N,  English  HF  1992  Androgen  regulation  of  pro¬ 
grammed  death  of  normal  and  malignant  prostatIc  cells, 
J  Androl  13:457^64 

5.  Bruchovsky  N,  Lesser  B,  Van  Dome  E,  Craven  S  1975 
Hormonal  effects  on  cell  proliferation  in  rat  prostate.  Vi- 
tam  Horm  33:61-102 

6.  Ho  SM,  Damassa  D,  Kwan  PW,  Seto  HS,  Leav  I  1985 
Androgen  receptor  levels  and  androgen  contents  in  the 
prostate  lobes  of  intact  and  testosterone-treated  Noble 
rats.  J  Androl  6:279-290 

7.  Chen  Y,  Robles  Al,  Martinez  LA,  Liu  F,  Gimenez-Conti  IB, 
Conti  CJ  1996  Expression  of  G1  cyclins,  cyclin-depen- 
dent  kinases,  and  cyclin-dependent  kinase  inhibitors  in 
androgen-induced  prostate  proliferation  in  castrated 
rats.  Cell  Growth  Differ  7:1571-1578 

8.  Leav  I,  Merk  FB,  Kwan  PW,  Ho  SM  1989  Androgen- 
supported  estrogen-enhanced  epithelial  proliferation  in 
the  prostates  of  intact  Noble  rats.  Prostate  15:23-40 

9.  Wang  X,  Hsieh  JT  1 994  Androgen  repression  of  cytoker- 
atin  gene  expression  during  rat  prostate  differentiation: 
evidence  for  an  epithelial  stem  cell -associated  marker. 
Chin  Med  Sci  J  9:237-241 

10.  English  HF,  Drago  JR,  Santen  RJ  1985  Cellular  response 
to  androgen  depletion  and  repletion  in  the  rat  ventral 
prostate:  autoradiography  and  morphometric  analysis. 
Prostate  7:41-51 

11 .  Katz  AE,  Benson  MC,  Wise  GJ,  Olsson  CA,  Bandyk  MG, 
Sawczuk  IS,  Tomashefsky  P,  Buttyan  R  1989  Gene  ac¬ 
tivity  during  the  early  phase  of  androgen-stimulated  rat 
prostate  regrowth.  Cancer  Res  49:5889-5894 

12.  Epner  DE,  Partin  AW,  Schalken  JA,  Isaacs  JT,  Coffey  DS 
1 993  Association  of  glyceraldehyde-3-phosphate  dehy¬ 
drogenase  expression  with  cell  motility  and  metastatic 
potential  of  rat  prostatic  adenocarcinoma.  Cancer  Res 
53:1995-1997 

13.  Morgan  DO  1997  Cyclin-dependent  kinases:  engines, 
clocks,  and  microprocessors.  Annu  Rev  Dev  Biol  13: 
261-291 

14.  Sherr  CJ  1 996  Cancer  cell  cycles.  Science  274:1 672-1 677 

15.  Elledge  SJ  1996  Cell  cycle  checkpoints:  preventing  an 
identity  crisis.  Science  274:1664-1671 

16.  DelSal  G,  Loda  M,  Pagano  M  1996  Cell  cycle  and  cancer: 
critical  events  at  the  G1  restriction  point.  Crit  Rev  Oncog 
7:127-142 

17.  Sherr  CJ,  Roberts  JM  1999  CDK  inhibitors:  positive  and 
negative  regulators  of  G1  -  phase  progression.  Genes  Dev 
13:1501-1512 

18.  Hengst  L,  Reed  SI  1998  Inhibitors  of  the  Cip/Kip  family. 
Curr  Top  Microbiol  Immunol  227:25-41 


Androgen  Regulation  of  p27  in  the  Regenerating  Prostate 


19.  Polyak  K,  Kato  JY,  Solomon  MJ,  Sherr  CJ,  Massague  J, 
Roberts  JM,  Koff  A.  p27,  a  cyclin-  1994  Cdk  inhibitor, 
links  transforming  growth  factor-j3  and  contact  inhibition 
to  cell  cycle  arrest.  Genes  Dev  8:9-22 

20.  Polyak  K,  Lee  M-H,  Erdjument-Bromage  A,  Koff  A,  Rob¬ 
erts  JM,  Tempst  P,  Massague  J  1994  Cloning  of  p27,  a 
cyclin-dependent  kinase  inhibitor  and  a  potential  medi¬ 
ator  of  extracellular  antimitogenic  signals.  Cell  78:59-66 

21.  Toyoshima  H,  Hunter!  1994  p27,  a  novel  inhibitor  of  G1 
cyclin-Cdk  protein  kinase  activity,  is  related  to  p21 .  Cell 
78:67-74 

22.  Fang  F,  Orend  G,  Watanabe  N,  Hunter  T,  Ruoslahti  E 
1996  Dependence  of  cyclin  E-CDK2  kinase  activity  on 
cell  anchorage.  Science  271:499-502 

23.  Kato  J,  Matsuoka  M,  Polyak  K,  Massague  J,  Sherr  CJ 
1994  Cyclic  AMP-induced  G1  phase  arrest  mediated  by 
an  inhibitor  (p27)  of  cyclin-dependent  kinase  4  activation. 
Cell  79:487-496 

24.  Kunlyasu  H,  Yasui  W,  Kitahara  K,  Naka  K,  Yokozaki  H, 
Akama  Y,  Hamamoto  T,  Tahara  H,  Tahara  E  1 997  Growth 
inhibitory  effect  of  interferon-j3  is  associated  with  the 
induction  of  cyclin-dependent  kinase  inhibitor  p27  In  a 
human  gastric  carcinoma  cell  line.  Cell  Growth  Differ 
8:47-52 

25.  Harvat  BL,  Seth  P.  Jetten  AM  1997  The  role  of  p27  in 
7-interferon-mediated  growth  arrest  of  mammary  epithe¬ 
lial  cells  and  related  defects  in  mammary  carcinoma 
cells.  Oncogene  14:2111-2122 

26.  Kortylewski  M,  Heinrich  PC,  Mackiewicz  A,  Schniert- 
shauer  U,  Klingmuller  U,  Nakajima  K,  Hirano  T,  Horn  F, 
Behrmann  I  1999  Interleukin-6  and  oncostatin  M- 
induced  growth  Inhibition  of  human  A375  melanoma 
cells  is  STAT-dependent  and  involves  upregulation  of  the 
cyclin-dependent  kinase  Inhibitor  p27/KIP!  Oncogene 
18:3742-3753 

27.  Nourse  J,  Firpo  E,  Flanagan  WM,  Coats  S,  Polyak  K,  Lee 
MH,  Massague  J,  Crabtree  GR,  Roberts  JM  1994  Inter- 
leukin-2-mediated  elimination  of  the  p27  cyclin-depen¬ 
dent  kinase  inhibitor  prevented  by  rapamycin.  Nature 
372:570-573 

28.  Coats  S,  Flanagan  WM,  Nourse  J,  Roberts  JM  1996 
Requirement  of  p27  for  restriction  point  control  of  the 
fibroblast  cell  cycle.  Science  272:877-880 

29.  Rivard  N,  L’Alleimain  G,  Bartek  J,  Pouyssegur  J  1996 
Abrogation  of  p27  by  cDNA  antisense  suppresses  qui¬ 
escence  (GO  state)  in  fibroblasts.  J  Biol  Chem  271: 
18337-18341 

30.  Sheaff  RJ,  Groudine  M,  Gordon  M,  Roberts  JM,  Clurman 
BE  1997  Cyclin  E-CDK2  is  a  regulator  of  p27.  Genes  Dev 
11:1464-1478 

31 .  Montagnoli  A,  Fiore  F,  Eytan  E,  Carrano  AC,  Draetta  GF, 
Hershko  A,  Pagano  M  1999  Ubiquitination  of  p27  is  reg¬ 
ulated  by  Cdk-dependent  phosphorylation  and  trimeric 
complex  formation.  Genes  Dev  13:1181-1189 

32.  Nguyen  H,  Gitig  DM,  Koff  A 1999  Cell-free  degradation  of 
p27(kip1),  a  G1  cyclin-dependent  kinase  inhibitor,  is  de¬ 
pendent  on  CDK2  activity  and  the  proteasome.  Mol  Cell 
Biol  19:1190-1201 

33.  Vlach  J,  Hennecke  S,  Amati  B  1997  Phosphorylation- 
dependent  degradation  of  the  cyclin-dependent  kinase 
inhibitor  p27.  EMBO  J  16:5334-5344 

34.  Carrano  AC,  Eytan  E,  Hershko  A,  Pagano  M  1999  SKP2 
is  required  for  ubiquitin-mediated  degradation  of  the 
CDK  inhibitor  p27.  Nat  Cell  Biol  1:193-199 

35.  Tsvetkov  LM,  Yeh  KH,  Lee  SJ,  Sun  H,  Zhang  H  1999 
p27(Kip1)  ubiquitination  and  degradation  is  regulated  by 
the  SCF(Skp2)  complex  through  phosphorylated  Thr187 
in  p27.  Curr  Biol  9:661-664 

36.  Pagano  M,  Tam  SW,  Theodoras  AM,  Beer-Romero  P,  Del 
Sal  G,  Chau  V,  Yew  PR,  Draetta  GF,  Rolfe  M  1995  Role 
of  the  ubiquitin-proteasome  pathway  in  regulating  abun¬ 
dance  of  the  cyclin-dependent  kinase  inhibitor  p27.  Sci¬ 
ence  269:682-685 


781 


37.  Medema  RH,  Kops  GJ,  Bos  JL,  Burgering  BM  2000 
AFX-like  Forkhead  transcription  factors  mediate  cell- 
cycle  regulation  by  Ras  and  PKB  through  p27.  Nature 
404:782-787 

38.  Menjo  M,  Kaneko  Y,  Ogata  E,  Ikeda  K,  Nakanishi  M  1998 
Critical  role  for  p27  in  cell  cycle  arrest  after  androgen 
depletion  in  mouse  mammary  carcinoma  cells  (SC-3). 
Oncogene  17:2619-2627 

39.  Cordon-Cardo  C,  Koff  A,  Drobnjak  M,  Capodieci  P,  Os¬ 
man  I,  Millard  SS,  Gaudin  PB,  Fazzari  M,  Zhang  ZF, 
Massague  J,  Scher  HI  1998  Distinct  altered  patterns  of 
p27  gene  expression  In  benign  prostatic  hyperplasia  and 
prostatic  carcinoma.  J  Natl  Cancer  Inst  90:1284-1291 

40.  Millard  SS,  Yan  JS,  Nguyen  H,  Pagano  M,  Kiyokawa  H, 
Koff  A  1997  Enhanced  ribosomal  association  of 
p27(Kip1)  mRNA  is  a  mechanism  contributing  to  accu¬ 
mulation  during  growth  arrest.  J  Biol  Chem  272: 
7093-7098 

41.  Hengst  L,  Reed  SI  1996  Translational  control  of  p27 
accumulation  during  the  cell  cycle.  Science  271: 
1861-1864 

42.  Fero  ML,  Rivkin  M,  Tasch  M,  Porter  P,  Carow  CE,  Firpo 
E,  Polyak  K,  Tsai  LH,  Broudy  V,  Perlmutter  RM,  Kaush- 
ansky  K,  Roberts  JM  1996  A  syndrome  of  multiorgan 
hyperplasia  with  features  of  gigantism,  tumorigenesis, 
and  female  sterility  in  p27(Kip1)-deficient  mice.  Cell  85: 
733-744 

43.  Kiyokawa  H,  Kineman  RD,  Manova-Todorova  KO, 
Soares  VC,  Hoffman  ES,  Ono  M,  Khanam  D,  Hayday  AC, 
Frohman  LA,  Koff  A  1996  Enhanced  growth  of  mice 
lacking  the  cyclin-dependent  kinase  inhibitor  function  of 
p27(Kip1).  Cell  85:721-732 

44.  Nakayama  K,  Ishida  N,  Shirane  M,  Inomata  A,  Inoue  T, 
Shishido  N,  Horii  I,  Loh  DY  1996  Mice  lacking  p27(Kip1) 
display  increased  body  size,  multiple  organ  hyperplasia, 
retinal  dysplasia,  and  pituitary  tumors.  Cell  85:707-720 

45.  Tong  W,  Kiyokawa  H,  Soots  TJ,  Park  MS,  Soares  VC, 
Manova  K,  Pollard  JW,  Koff  A  1998  The  absence  of  p27, 
an  inhibitor  of  G1  cyclin-dependent  kinases,  uncouples 
differentiation  and  growth  arrest  during  the  granulosa- 
luteal  transition.  Cell  Growth  Differ  9:787-794 

46.  Robker  RL,  Richards  JS  1998  Hormone-induced  prolif¬ 
eration  and  differentiation  of  granulosa  cells:  a  coordi¬ 
nated  balance  of  the  cell  cycle  regulators  cyclin  D2  and 
p27.  Mol  Endocrinol  12:924-940 

47.  Casaccia-Bonnefil  P,  Tikoo  R,  Kiyokawa  H,  Friedrich  V, 
Chao  MV,  Koff  A 1997  Oligodendrocyte  precursor  differ¬ 
entiation  is  perturbed  in  the  absence  of  the  cyclin- 
dependent  kinase  inhibitor  p27.  Genes  Dev  11: 
2335-2346 

48.  Drissi  H,  Hushka  D,  Aslam  F,  Nguyen  Q,  Buffone  E,  Koff 
A,  van  Wijnen  A,  Lian  JB,  Stein  JL,  Stein  GS 1 999  The  cell 
cycle  regulator  p27  contributes  to  growth  and  differenti¬ 
ation  of  osteoblasts.  Cancer  Res  59:3705-3711 

49.  Sgambato  A,  Cittadini  A,  Faraglia  B,  Weinstein  IB  2000 
Multiple  functions  of  p27(Kip1)  and  its  alterations  in  tu¬ 
mor  cells:  a  review.  J  Cell  Physiol  183:18-27 

50.  Mori  S,  Murakami-Mori  K,  Bonavida  B  1999  Interleukin-6 
induces  G1  arrest  through  induction  of  p27(Kip1),  a  cy¬ 
clin-dependent  kinase  inhibitor,  and  neuron-like  mor¬ 
phology  in  LNCaP  prostate  tumor  cells.  Biochem  Bio- 
phys  Res  Commun  257:609-614 

51.  Zi  X,  Agarwal  R  1999  SIlibinin  decreases  prostate- 
specific  antigen  with  cel!  growth  Inhibition  via  G1  arrest, 
leading  to  differentiation  of  prostate  carcinoma  cells:  im¬ 
plications  for  prostate  cancer  intervention.  Proc  Natl 
Acad  Sci  USA  96:7490-7495 

52.  De  Marzo  AM,  Meeker  AK,  Epstein  Jl,  Coffey  DS  1998 
Prostate  stem  cell  compartments:  expression  of  the  cell 
cycle  inhibitor  p27  in  normal,  hyperplastic,  and  neoplas¬ 
tic  cells.  Am  J  Pathol  153:911-919 

53.  Tsihlias  J,  Zhang  W,  Bhattacharya  N,  Flanagan  M,  Klotz 
L,  Slingerland  J  2000  Involvement  of  p27  in  G1  arrest  by 


MOL  ENDO  •  2001 
782 


Vol.  15  No.  5 


high  dose  5  a’dlhydrotestosterone  in  LNCaP  human 
prostate  cancer  cells.  Oncogene  19:670-^79 

54.  Kokontis  JM,  Hay  N,  Liao  S  1998  Progression  of  LNCaP 
prostate  tumor  cells  during  androgen  deprivation:  hor¬ 
mone-independent  growth,  repression  of  proliferation  by 
androgen,  and  role  for  p27  in  androgen-induced  cell 
cycle  arrest.  Mol  Endocrinol  12:941  “953 

55.  Agus  DB,  Cordon-Cardo  C,  Fox  W,  Drobnjak  M,  Koff  A, 
Golde  DW,  Scher  HI  1999  Prostate  cancer  cell  cycle 
regulators:  response  to  androgen  withdrawal  and  devel¬ 
opment  of  androgen  independence.  J  Natl  Cancer  Inst 
91:1869-1876 

56.  Johnson  MA,  Hernandez  I,  Wei  Y,  Greenberg  N  2000 
Isolation  and  characterization  of  mouse  probasin:  an  an¬ 
drogen-regulated  protein  specifically  expressed  in  the 
differentiated  prostate.  Prostate  43:255-262 

57.  Loda  M,  Cukor  B,  Tam  SW,  Lavln  P,  Fiorentino  M, 
Draetta  GF,  Jessup  JM,  Pagano  M  1997  Increased  pro- 
teasome-dependent  degradation  of  the  cyclin-depen- 
dent  kinase  inhibitor  p27  in  aggressive  colorectal  carci¬ 
nomas.  Nat  Med  3:231-234 

58.  Maki  CG,  Howley  PM  1997  Ubiquitination  of  p53  and  p21 
is  differentially  affected  by  ionizing  and  UV  radiation.  Mol 
Cell  Biol  17:355-363 

59.  Maki  CG,  Huibregtse  JM,  Howley  PM  1996  In  vivo  ubiq¬ 
uitination  and  proteasome-mediated  degradation  of  p53. 
Cancer  Res  56:2649-2654 

60.  Yu  ZK,  Gervais  JL,  Zhang  H  1998  Human  CUL-1  asso¬ 
ciates  with  the  SKP1/SKP2  complex  and  regulates 
p21(CIP1AA/AF1)  and  cyclin  D  proteins.  Proc  Natl  Acad 
Sci  USA  95:11324-11329 

61.  Blagosklonny  MV,  Wu  GS,  Omura  S,  el-Delry  WS  1996 
Proteosome-dependent  regulation  of  p21/CIP1  expres¬ 
sion.  Biochem  Biophys  Res  Commun  227:564-569 

62.  Chung  LWK,  Coffey  DS  1971  Biochemical  characteriza¬ 
tion  of  prostatic  nuclei.  II.  Relationship  between  DNA 
synthesis  and  protein  synthesis.  Blochim  Biophys  Acta 
247:584 

63.  Furuya  Y,  Lin  XS,  Walsh  JC,  Nelson  WG,  Isaacs  JT 1995 
Androgen  ablation-induced  programmed  death  of  pros¬ 
tatic  glandular  cells  does  not  involve  recruitment  into  a 
defective  cell  cycle  or  p53  induction.  Endocrinology  136: 
1898-1906 

64.  Evans  GS,  Chandler  JA  1987  Cell  proliferation  studies  in 
the  rat  prostate.  II.  The  effects  of  castration  and  andro¬ 
gen-induced  regeneration  upon  basal  and  secretory  cell 
proliferation.  Prostate  1 1 :339-352 

65.  Guo  Y,  Sklar  GN,  Borkowski  A,  Kyprianou  N  1 997  Loss  of 
the  cyclin-dependent  kinase  inhibitor  p27(kip1)  protein  in 
human  prostate  cancer  correlates  with  tumor  grade.  Clin 
Cancer  Res  3:2269-2274 

66.  Durand  B,  Gao  FB,  Raff  M  1997  Accumulation  of  the 
p27/KIP1  cyclin-dependent  kinase  inhibitor  and  the  tim¬ 


ing  of  oligodendrocyte  differentiation.  EMBO  J  16: 
306-317 

67.  Hiromura  K,  Fero  ML,  Roberts  JM,  Shankland  SJ  1999 
Modulation  of  apoptosis  by  the  cyclin-dependent  kinase 
inhibitor  p27.  J  Clin  Invest  103:597-604 

68.  Ophascharoensuk  V,  Fero  ML,  Hughes  J,  Roberts  JM, 
Shankland  SJ  1998  The  cyclin  dependent  kinase  inhibitor 
p27  safeguards  against  inflammatory  injury.  Nat  Med 
4:575-580 

69.  Eymin  B,  Haugg  M,  Droin  N,  Sordet  O,  Dimanche-Boitrel 
M-T,  Solary  E  1999  p27  induces  drug  resistance  by  pre¬ 
venting  apoptosis  upstream  of  cytochrome  c  release  and 
procaspase-3  activation  in  leukemic  cells.  Oncogene  1 8: 
1411-1418 

70.  Minami  S,  Ohtani-Fujita  N,  Igata  E,  Tamaki  T,  Sakai  T 
1997  Molecular  cloning  and  characterization  of  the  hu¬ 
man  p27  gene  promoter.  FEBS  Lett  411:1-6 

71.  Sutterluty  H,  Chatelain  E,  Marti  A,  Wirbelauer  C,  Senften 
M,  Muller  U,  Krek  W  1999  skp2  promotes  p27  degrada¬ 
tion  and  induces  S  phase  in  quiescent  cells.  Nat  Cell  Biol 
1:207-14 

72.  Wirbelauer  C,  Sutterluty  H,  Blondel  M,  Gstaiger  M,  Peter 
M,  Reymond  F,  Krek  W  2000  The  F-box  protein  skp2  is 
a  ubiquitylation  target  of  a  Cull -based  core  ubiquitin 
ligase  complex:  evidence  for  a  role  of  cull  in  the  sup¬ 
pression  of  skp2  expression  in  quiescent  fibroblasts. 
EMBO  J  19:5362-75 

73.  Zhang  H,  Kobayashi  R,  Galaktionov  K,  Beach  D  1995 
p19Skp1  and  p45Skp2  are  essential  elements  of  the 
cyclin  A-CDK2  S  phase  kinase.  Cell  82:915-925 

74.  Lu  S,  Liu  M,  Epner  DE,  Tsai  SY,  Tsai  MJ  1999  Androgen 
regulation  of  the  cyclin-dependent  kinase  inhibitor  p21 
gene  through  an  androgen  response  element  in  the  prox¬ 
imal  promoter.  Mol  Endocrinol  13:376-384 

75.  Chiarle  R,  Budel  LM,  Skolnik  J,  Frizzera  G,  Chilosi  M, 
Corato  A,  Pizzolo  G,  Magidson  J,  Montagnoli  A,  Pagano 
M,  Maes  B,  De  Woif-Peeters  C,  Inghirami  G  2000  In¬ 
creased  proteasome  degradation  of  cyclin-dependent 
kinase  inhibitor  p27  is  associated  with  a  decreased  over¬ 
all  survival  in  mantle  cell  lymphoma.  Blood  95:619-626 

76.  Fink  L,  Seeger  W,  Ermert  L,  Hanze  J,  Stahl  U,  Grim- 
minger  F,  Kummer  W,  Bohle  RM  1998  Real-time  quan¬ 
titative  RT-PCR  after  laser-assisted  cell  picking.  Nat  Med 
4:1329-1333 

77.  Thomas  GV,  Szigeti  K,  Murphy  M,  Draetta  G,  Pagano  M, 
Loda  M  1998  Down-regulation  of  p27  is  associated  with 
development  of  colorectal  adenocarcinoma  metastases. 
Am  J  Pathol  153:681-687 

78.  Signoretti  S,  Waltregny  D,  Dilks  J,  Isaac  B,  Lin  D,  Garr- 
away  L,  Yang  A,  McKeon  F,  Loda  M  2000  p63  is  a 
prostate  basal  cell  marker  and  is  required  for  prostate 
development.  Am  J  Pathol  157:1769-75 


REPORTS 


Her-2-neu  Expression  and 
Progression  Toward 
Androgen  Independence  in 
Human  Prostate  Cancer 

Sabina  Signoretti,  Rodolfo 
Montironiy  Judith  Manola, 
Annalisa  Altimariy  Carmen  Tam, 
Glenn  Bubley,  Steven  Balk, 
George  Thomas,  Irving  Kaplan, 
Lynn  Hlatky,  Philip  Hahnfeldt, 
Philip  Kantoff,  Massimo  Loda 


Background:  Human  prostate  cancers 
are  initially  androgen  dependent  but 
ultimately  become  androgen  indepen¬ 
dent.  Overexpression  of  the  Her-2-neu 
receptor  tyrosine  kinase  has  been  asso¬ 
ciated  with  the  progression  to  androgen 
independence  in  prostate  cancer  cells. 
We  examined  the  expression  of  Her-2- 
neu  in  normal  and  cancerous  prostate 
tissues  to  assess  its  role  in  the  progres¬ 
sion  to  androgen  independence.  Meth¬ 
ods:  Prostate  cancer  tissue  sections 
were  obtained  from  67  patients  treated 
by  surgery  alone  (UNT  tumors),  34  pa¬ 
tients  treated  with  total  androgen  abla¬ 
tion  therapy  before  surgery  (TAA  tu¬ 
mors),  and  18  patients  in  whom  total 
androgen  ablation  therapy  failed  and 
who  developed  bone  metastases  (andro¬ 
gen-independent  [AI]  disease).  The  sec¬ 
tions  were  immunostained  for  Her-2- 
neu,  androgen  receptor  (AR),  prostate- 
specific  antigen  (PSA),  and  Ki-67  (a 
marker  of  ceil  proliferation)  protein  ex¬ 
pression.  Messenger  RNA  (mRNA)  lev¬ 
els  and  gene  ampliHcation  of  Her-2-neu 
were  examined  by  RNA  in  situ  hybrid¬ 
ization  and  fluorescent  in  situ  hybrid- 
ization(FISH),  respectively,  in  a  subset 
of  27  tumors  (nine  UNT,  11  TAA,  and 
seven  AI).  All  statistical  tests  were  two- 
sided.  Results:  Her-2-neu  protein  ex¬ 
pression  was  statistically  significantly 
higher  in  TAA  tumors  than  in  UNT  tu¬ 
mors  with  the  use  of  two  different  scor¬ 
ing  methods  (P  =  .008  and  P  -  .002). 
The  proportion  of  Her-2-neu-positive 
tumors  increased  from  the  UNT  group 
(17  of  67)  to  the  TAA  group  (20  of  34) 
to  the  AI  group  (14  of  18)  (P<.001). 
When  compared  with  UNT  tumors,  tu¬ 
mor  cell  proliferation  was  higher  in  AI 


tumors  (P  =  .014)  and  lower  in  TAA 
tumors  (P<.001).  All  tumors  expressed 
AR  and  PSA  proteins.  Although  Her-2- 
neu  mRNA  expression  was  high  in 
TAA  and  AI  tumors,  no  Her-2-neu 
gene  amplification  was  detected  by 
FISH  in  any  of  the  tumor  types.  Con¬ 
clusions:  Her-2-neu  expression  appears 
to  increase  with  progression  to  andro¬ 
gen  independence.  Thus,  therapeutic 
targeting  of  this  tyrosine  kinase  in 
prostate  cancer  may  be  warranted. 
[J  Natl  Cancer  Inst  2000;92;  1918-25] 


Her-2-neu  is  a  receptor  tyrosine  kinase 
that  belongs  to  the  epidermal  growth  fac¬ 
tor  receptor  family.  Her-2-neu  overex¬ 
pression,  which  is  seen  in  20%-30%  of 
breast  and  ovarian  cancers,  results  from 
gene  amplification  and  is  associated  with 
poor  prognosis  (1-4).  Recently,  Her-2- 
neu  has  become  a  therapeutic  target  in 
breast  cancer  with  the  advent  of  antibod¬ 
ies  generated  against  its  extracellular  do¬ 
main  (5).  In  breast  cancer  clinical  trials, 
one  such  antibody,  trastuzumab  (Hercep- 
tin;  Genentech  Inc.,  South  San  Francisco, 
CA),  has  been  shown  to  be  effective  when 
coadministered  with  other  chemothera¬ 
peutic  agents  (6,7) 

In  prostate  cancer,  the  assessment  of 
Her-2-neu  overexpression  has  been  more 
problematic,  and  the  results  are  controver¬ 
sial  (8-19).  The  controversy  is  due  both  to 
procedural  differences,  including  variabil¬ 
ity  of  tissue  fixation  protocols  and  use  of 
antibodies  from  different  sources,  and  to 
biologic  differences,  including  the  hetero¬ 
geneity  of  prostate  cancers.  Also,  contra¬ 
dictory  results  about  whether  the  gene  is 
amplified  have  been  reported  from  fluo¬ 
rescent  in  situ  hybridization  (FISH) 
analysis  of  the  Her-2-neu  locus  in  both 
primary  and  metastatic  prostate  cancers 
(20-25). 

Although  unequivocal  evidence  of 
Her-2-neu  overexpression  in  human  pros¬ 
tate  cancer  has  not  been  available,  evi¬ 
dence  suggests  that  Her-2-neu  may  be  im¬ 
portant  in  prostate  cancer  progression. 
First,  in  the  severe  combined  immunode- 
ficient  (SCID)  mouse  human  prostate 
cancer  xenograft  LAPC  (i.e.,  Los  Angeles 
Prostate  Cancer),  Her-2-neu  is  overex¬ 
pressed  in  androgen-independent  sublines 
(i.e.,  grown  in  castrated  hosts)  compared 
with  parental  (androgen-dependent) 


LAPC  cells  (26).  Second,  induced  over¬ 
expression  of  Her-2-neu  in  androgen- 
dependent  prostate  cancer  cells  activates 
the  androgen  receptor  (AR)  in  a  ligand- 
independent  fashion,  conferring  andro¬ 
gen-independent  growth  to  these  cells 
(26).  Because  of  these  observations  and 
the  availability  of  U.S.  Food  and  Drug 
Administration  (FDA)  approval  to  use 
therapeutic  anti-Her-2-neu  antibodies  for 
breast  cancer  therapy,  nonrandomized 
clinical  trials  of  Herceptin  have  been 
started  in  prostate  cancer. 

We  undertook  this  study  with  the  fol¬ 
lowing  aims:  1)  to  determine  whether 
Her-2-neu  protein  is  expressed  in  human 
prostate  cancers;  2)  to  assess  whether 
Her-2-neu  protein  expression  increases 
with  progression  toward  androgen  inde¬ 
pendence  using  two  scoring  methods;  and 
3)  to  address  the  mechanism  of  Her-2-neu 
overexpression  by  analyzing,  in  a  subset 
of  human  prostate  tumors,  genomic  copy 
number  by  FISH  and  messenger  RNA 
(mRNA)  levels  by  in  situ  hybridization 
(ISH). 

Patients  and  Methods 
Patient  Population 

This  study  was  performed  after  approval  by  the 
Institutional  Review  Board  of  the  Dana-Farber  Can¬ 
cer  Institute  and  Brigham  and  Women’s  Hospital, 
Boston,  MA.  Archival  paraffin-embedded  tissue 
blocks  of  prostate  cancer  from  patients  treated  dur¬ 
ing  the  period  from  1991  through  1996  were  re¬ 
trieved  from  the  Departments  of  Pathology  from 
Beth  Israel  Deaconess  Medical  Center,  Boston,  from 
the  University  of  Ancona,  Italy,  and  from  the  Uni- 
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Versity  of  California,  Los  Angeles.  Prostate  cancer 
tissue  sections  were  analyzed  from  three  groups  of 
patients:  1)  patients  who  did  not  receive  any  treat¬ 
ment  before  surgery  (UNT  tumors,  from  67  pa¬ 
tients),  2)  patients  who  were  treated  with  total  an¬ 
drogen  ablation  for  3  months  before  surgery 
(goserelin  [Zoladex]  depot  every  28  days  plus  bi- 
calutamide  [Casodex]  at  a  dose  of  50  mg/day  for  12 
weeks)  (TAA  tumors,  from  34  patients),  and  3)  pa¬ 
tients  who  developed  bone  metastases  after  hor¬ 
monal  therapy  failure  (androgen-independent  [AI] 
tumors,  from  18  patients).  Stage  (27)  and  Gleason 
grade  (28)  were  available  for  all  primary  prostate 
cancers.  Times  to  prostate-specific  antigen  (PSA) 
recurrence  and  survival  times  were  available  for  69 
prostatectomy  cases  (38  UNT  and  31  TAA).  The 
median  follow-up  was  3  years. 

Immunohistochemistry 

Methodology.  Immiinostaining  was  performed 
on  all  tissue  sections  with  the  use  of  the  following 
primary  antibodies:  Her-2-neu  (A0485;  Dako  Corp., 
Carpinteria,  CA)  at  a  1  : 200  dilution,  AR  (Upstate 
Biotechnology,  Lake  Placid,  NY)  at  a  1  :  50  dilution, 
PSA  (BioGenex,  San  Ramon,  CA)  at  a  1:50  dilu¬ 
tion,  and  Ki-67  (Immunotech,  Westbrook,  ME)  at  a 
1  : 50  dilution.  To  accurately  identify  prostate  basal 
cells,  we  used  the  4A4  antibody,  directed  against  the 
p63  basal  cell  marker  (29,30),  at  a  1  : 50  dilution.  All 
antibodies  were  diluted  in  phosphate-buffered  saline 
(PBS).  The  anti-Her-2-neu  antibody  used  in  this 
study  is  the  same  as  the  one  that  is  included  in  the 
HercepTest  kit  (Dako,  Inc.)  approved  by  the  FDA 
for  the  evaluation  of  Her-2-neu  expression  in  breast 
carcinomas. 

Sections  (5  jam  thick)  were  placed  on  slides,  de- 
paraffinized,  rehydrated,  and  microwaved  in  10  mM 
citrate  buffer  (pH  6.0)  (BioGenex,  San  Ramon,  CA) 
at  750  W  for  15  minutes  for  Ki-67  and  p63  immu- 
nostaining  and  for  30  minutes  for  AR  immunostain- 
ing.  For  Her-2-neu  immunostaining,  sections  were 
microwaved  at  750  W  for  5  minutes  and  at  375  W 
for  an  additional  15  minutes.  Slides  were  cooled  at 
room  temperature  for  30  minutes.  Sections  were 
then  incubated  for  10  minutes  with  10%  normal  goat 
serum  (Vector  Laboratories,  Inc.,  Burlingame,  CA) 
diluted  in  PBS.  The  primary  antibody  was  applied  at 
room  temperature  in  an  automated  Stainer  (Optimax 
Plus  2.0  be;  BioGenex).  Staining  was  detected  with 
the  use  of  the  MultiLink-HRP  kit  (BioGenex).  Stan¬ 
dardized  3,3-diaminobenzidine  (DAB)  development 
times  allowed  accurate  comparison  of  all  samples. 
For  p63  immunostaining,  nickel  chloride  was  added 
to  the  DAB  to  obtain  a  black  stain.  Slides  were 
counterstained  with  either  Meyer’s  hematoxylin  or 
methyl  green. 

Paraffin  sections  of  the  LNCaP  and  PC3  prostate 
cancer  cell  lines  (American  Type  Culture  Collec¬ 
tion,  Manassas,  VA)  and  of  the  androgen- 
independent  subline  of  the  LAPC4  xenograft  (26) 
(gift  of  Charles  L.  Sawyers,  University  of  Califor¬ 
nia,  Los  Angeles)  were  used  for  immunostaining 
controls  and  to  standardize  the  Her-2-neu  staining 
expression  level  [see  below).  Omission  of  the  pri¬ 
mary  antibody  with  PBS  served  as  a  negative  stain¬ 
ing  control. 

Scoring  methods.  Two  pathologists  (S.  Signoretti 
and  M.  Loda)  read  and  scored  the  slides  indepen¬ 
dently.  Scoring  was  performed  by  two  different 
methods,  a  relative  scoring  system  and  an  absolute 
scoring  system. 


In  the  relative  scoring  system,  the  staining  inten¬ 
sity  of  the  tumor  cells  was  evaluated  in  comparison 
to  the  staining  intensity  of  the  basal  cells  of  the 
adjacent  normal  glands  (internal  positive  control). 
The  internal  control  was  used  to  overcome  the  po¬ 
tential  variability  of  immunoreactivity  among  the 
different  tissue  specimens.  Her-2-neu  expression  in 
tumor  cells  was  scored  as  equal  to,  higher  than,  or 
less  than  the  expression  in  adjacent  basal  cells.  Only 
tumor  cells  expressing  Her-2-neu  at  a  level  equal  to 
or  higher  than  that  in  basal  cells  were  scored  as 
positive.  The  percentage  of  positive  cells  was  as¬ 
sessed  in  each  tumor  section  and  was  used  as  a  con¬ 
tinuous  variable  in  the  statistical  analysis.  In  addi¬ 
tion,  a  cutoff  of  50%  Her-2-neu-positive  cells  was 
applied  to  separate  high  (>50%)  and  low  (<50%) 
expressors.  Maximally  selected  chi-square  method¬ 
ology  (31)  was  used  to  demonstrate  that  50%  was  a 
good  cutoff  point  (data  not  shown). 

Before  analyzing  the  entire  series  of  tumors,  we 
confirmed  the  validity  of  the  relative  scoring  system 
by  image  analysis  in  a  subset  of  20  prostate  cancer 
tissue  samples  (10  high  and  10  low  Her-2-neu  ex¬ 
pressors).  Overall,  nine  were  UNT,  and  II  were 
TAA.  Densitometric  quantitation  of  antibody  stain¬ 
ing  per  cell  was  done  as  described  previously  (32). 
Selected  areas  that  included  both  tumor  cells  and 
adjacent  normal  basal  cells  were  acquired  with  the 
use  of  imaging  software  provided  with  a  Quantimet 
Q570  computerized  imaging/microscopy  system 
(Leica,  Northvale,  NJ).  Because  Her-2-neu  staining 
was  heterogeneous  in  each  tumor  sample,  tumor 
cells  analyzed  were  representative  of  the  predomi¬ 
nant  population  (i.e.,  expressing  more  or  less  Her- 
2-neu  than  adjacent  basal  cells).  The  staining  densi¬ 
ties  in  the  tumor  and  normal  areas  were  calculated 
for  each  tumor  or  normal  field  by  dividing  the  total 
integrated  optical  density  (i.e.,  total  staining)  in  the 
field  by  the  area  of  the  mask,  which  is  a  computer¬ 
generated  region  that  precisely  demarcates  the  target 
cells  to  be  quantified  in  the  field.  To  confirm  that 
basal  cells  represented  an  adequate  internal  control, 
we  observed  no  statistical  difference  in  the  staining 
intensity  of  basal  cells  in  UNT  and  TAA  tumors 
(Student’s  t  test,  P  =  .15).  Specifically,  the  mean 
staining  density  for  basal  cells  was  1.35  (95%  con¬ 
fidence  interval  [Cl]  =  1.17-1.53)  in  the  UNT  tu¬ 
mors  and  1.19  (95%  Cl  =  1.06-1.33)  in  the  TAA 
tumors.  Subsequently,  to  assess  Her-2-neu  expres¬ 
sion  levels  in  the  tumors,  we  calculated  a  staining 
density  ratio  between  tumor  and  normal  cells  for 
each  specimen.  There  was  a  statistically  significant 
difference  in  the  staining  density  ratio  distribution 
between  the  high  and  low  Her-2-neu  expressors 
(P<.001).  The  staining  density  ratio  ranged  from 
0.31  to  1 .56.  To  specify  a  cutoff,  we  selected  a  point 
a  priori  that  was  two  standard  deviations  above  the 
mean  for  low  expressors  (staining  density  ratio  = 
0.793).  The  rationale  for  selecting  this  cutoff  point 
was  to  avoid  false  negatives;  if  the  low  expression 
levels  were  normally  distributed,  only  2.5%  of  low 
expressors  would  have  levels  higher  than  this  cut- 
point.  With  the  use  of  this  cutoff  point  and  the  image 
analysis  method,  the  relative  scoring  system  resulted 
in  one  false  positive  and  no  false  negatives  (sensi¬ 
tivity  of  100%  and  specificity  of  92%),  thus  validat¬ 
ing  the  use  of  this  scoring  methodology  in  the  analy¬ 
sis  of  the  entire  series  of  tumors. 

The  absolute  scoring  method  was  used  to  evaluate 
Her-2-neu  expression  in  tissue  sections  that  lacked 


the  internal  basal  cell  controls,  such  as  bone  metas¬ 
tases.  Immunostains  were  evaluated  according  to  the 
scoring  method  used  for  Her-2-neu  expression  in 
breast  cancer  (33).  Briefly,  tumor  sections  were  con¬ 
sidered  Her-2-neu  positive  only  if  complete  weak  to 
moderate  (2+)  or  strong  (3+)  membrane  staining  was 
observed  in  at  least  10%  of  the  tumor  cells.  We  used 
the  cell  lines  PC3  (2+  in  <10%  of  cells;  negative 
standard)  and  LNCaP  (2+  in  >90%  of  cells;  positive 
standard,  weak  to  moderate  intensity)  and  the  xeno¬ 
graft  LAPC4  (34-  in  >90%  of  cells;  positive  stan¬ 
dard,  strong  intensity)  as  reference  standards  for  the 
evaluation  of  Her-2-neu  expression  in  the  human 
tumors  (Fig.  1,  A). 

Scoring  AR,  PSA,  and  Ki-67  immunostains. 

Sections  stained  for  PSA  and  AR  were  scored  as 
either  positive  or  negative  for  PSA  and  AR  expres¬ 
sion,  respectively.  The  rates  of  tumor  cell  prolifera¬ 
tion  were  calculated  as  the  percentage  of  nuclei  in 
each  section  that  stained  positive  for  Ki-67.  For  sta¬ 
tistical  analyses,  the  proliferation  rate  was  analyzed 
as  a  continuous  variable,  and  a  proliferation  rate  of 
less  than  1%  was  scored  as  nonproliferating. 

In  Situ  Hybridization 

The  subset  of  20  tumors  previously  analyzed  by 
image  analysis  and  seven  additional  AI  metastatic 
tumor  samples  were  analyzed  by  ISH  to  detect  Her- 
2-neu  mRNA.  To  generate  the  complementary  RNA 
(cRNA)  probe  for  ISH,  we  used  a  5'  329-base-pair 
segment  of  Her-2-neu  complementary  DNA  as  tem¬ 
plate  for  in  vitro  transcription.  -labeled  (New  En¬ 
gland  Nuclear,  Boston,  MA)  antisense  and  sense 
cRNA  probes  were  in  vitro  transcribed  with  T7  and 
T3  RNA  polymerase  (Promega  Corp.,  Madison, 
WI),  respectively.  ISH  was  performed  as  described 
previously  (34). 

The  tumor  sections  were  scored  for  Her-2-neu 
mRNA  expression  in  a  manner  similar  to  the  relative 
scoring  system  for  immunohistochemistry.  Specifi¬ 
cally,  we  determined  the  number  of  autoradio¬ 
graphic  grains  in  both  normal  and  tumor  cells  by 
counting  100  cells  in  each  subset  and  obtaining 
an  average  number  of  grains  per  cell.  Her-2-neu 
mRNA  expression  in  tumor  cells  was  scored  as 
equal  to,  higher  than,  or  less  than  Her-2-neu  mRNA 
expression  in  adjacent  basal  cells.  The  percentage 
of  tumor  cells  expressing  Her-2-neu  at  a  level 
equal  to  or  higher  than  that  in  basal  cells  was 
assessed  for  each  tumor.  High-expressing  tumors 
were  defined  as  those  in  which  more  than  50%  of 
the  tumor  cells  expressed  Her-2-neu  at  a  level  equal 
to  or  higher  than  that  in  basal  cells.  Her-2-neu 
mRNA  in  AI  tumors  was  simply  scored  as  present  or 
absent. 

Fluorescent  In  Situ  Hybridization 

FISH  was  performed  on  the  same  subset  of  27 
tumors  analyzed  by  ISH  and  on  the  LAPC4  xeno¬ 
graft.  Paraffin-embedded  tissue  sections  were  depa- 
raffinized  and  digested  with  proteinase  K  to  remove 
proteins  that  might  block  access  to  the  DNA  target. 
Target  DNA  in  the  tissue  sections  and  the  biotinyl¬ 
ated  DNA  HER-2-neu  probe  (Ventana  Medical 
Systems,  Inc.,  Tucson,  AZ)  were  codenatured  at 
90  °C  for  12  minutes  and  then  hybridized  with  the 
probe  overnight  at  37  ®C.  Tissue  sections  were 
washed  with  0.5 x  standard  saline  citrate  to  remove 
unhybridized  probe.  The  hybridized  probe  was  de¬ 
tected  by  incubation  with  fluorescein-labeled  avidin 
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Fig.  1.  A)  Her-2-neu  standards  for  immunohistochemistry  scoring,  i:  Formalin-fixed,  paraffin-embedded 
PC3  prostate  carcinoma  cells  showing  complete  membrane  staining  in  less  than  10%  of  cells  (negative 
standard)  (3,3-diaminobenzidine  [DAB]  detection  with  hematoxylin  counterstain).  Original  magnification 
x400.  ii:  LNCaP  prostate  carcinoma  cells  showing  crisp  2+  membrane  staining  in  the  majority  of  cells  (DAB 
detection  with  hematoxylin  counterstain).  Original  magnification  x400.  iii:  LAPC4  prostate  carcinoma 
xenograft  showing  strong  (3+)  membrane  staining  in  all  cells  (DAB  detection  with  hematoxylin  counter- 
stain).  Original  magnification  x400.  B)  Immunohistochemical  staining  of  normal  prostate  and  prostate  from 
a  patient  treated  by  total  androgen  ablation  therapy,  i:  Her-2-neu  is  expressed  in  the  basal  cells  of  the  normal 
prostate  (DAB  detection  with  hematoxylin  counterstain).  Original  magnification  x400.  ii:  In  a  serial  section 
of  that  analyzed  in  i,  basal  cells  are  identified  by  p63  nuclear  staining  (DAB-nickel  chloride  detection  with 
methyl  green  counterstain).  Original  magnification  x400.  iii:  Her-2-neu  is  expressed  in  the  basal  and  secre¬ 
tory  cells  in  the  prostate  from  a  patient  treated  by  total  androgen  ablation  therapy  (DAB  detection  with 
hematoxylin  counterstain).  Original  magnification  x400.  iv:  In  a  serial  section  of  that  analyzed  in  iii,  basal 
cells  are  identified  by  p63  nuclear  staining  (DAB-nickel  chloride  detection  with  methyl  green  counterstain). 
Original  magnification  x400. 


(Ventana  Medical  Systems,  Inc.),  Nuclei  were  coun- 
terstained  with  the  DNA-binding  dye  2-(4-amidino- 
phenyl)-6-indolecarbamidinedihydrochloride 
(DAPI)  (Ventana  Medical  Systems,  Inc.).  Paraffin- 
embedded  breast  cancers  with  and  without  known 
Her-2-neu  gene  amplification  were  used  as  positive 
and  negative  controls  in  each  experiment. 

Sections  were  examined  with  an  epifluorescence 
microscope  equipped  with  dual  and  single  filters  to 
detect  the  fluorescein  and  DAPI  fluorochromes. 
Two  fields  of  20  tumor  nuclei  were  evaluated,  and 
the  number  of  HER-2  signals  per  nucleus  was  de¬ 
termined.  A  tumor  was  considered  to  be  positive  for 
HER-2/neu  gene  amplification  if  the  average  num¬ 
ber  of  signals  per  nucleus  was  greater  than  four. 


Statistical  Analysis 

Student’s  t  test  was  used  to  compare  the  percent¬ 
age  of  Her-2-neu-positive  tumor  cells  as  a  continu¬ 
ous  variable  between  TAA  and  UNT  tumors  and  to 
compare  the  staining  densities  of  the  basal  cells  in 
the  two  groups  of  tumors.  To  validate  the  relative 
scoring  system  using  image  analysis,  we  first  gen¬ 
erated  descriptive  statistics  for  the  20  tumors  in  the 
validation  set.  The  Wilcoxon  rank  sum  test  (35)  was 
used  to  verify  differences  in  staining  density  ratio 
obtained  in  a  blinded  fashion  among  cases  previ¬ 
ously  categorized  as  low  and  high  Her-2-neu  expres- 
sors.  Fisher’s  exact  test  (36)  was  used  to  test  for  an 
association  between  Her-2-neu  expression  levels 


(using  the  50%  cutoff  to  define  low  and  high  ex> 
pressors)  and  the  treatment  status  of  the  tumors 
(TAA  versus  UNT)  using  the  relative  scoring  sys¬ 
tem.  To  determine  if  there  were  differences  in  Her- 
2-neu  expression  among  the  three  types  of  tumors 
(UNT,  TAA,  and  AI)  using  the  absolute  scoring  sys¬ 
tem,  we  compared  Her-2-neu  expression  levels 
(positive  versus  negative)  in  UNT  tumors  with  those 
in  both  TAA  and  AI  tumors  with  the  use  of  Fisher’s 
exact  test.  Because  the  same  control  group  was  used 
for  both  comparisons,  a  Bonferroni  adjustment  (37) 
was  applied.  Thus,  a  P  value  of  .025  was  used  to 
denote  statistical  significance.  Fisher’s  exact  test 
was  also  used  to  test  for  an  association  between 
Her-2-neu  expression  levels  and  clinical  tumor  stage 
(II  versus  III  or  IV).  The  Jonckheere-Terpstra  test 
(38)  was  used  to  test  for  a  linear  trend  for  Her-2-neu 
positivity  in  the  groups  of  UNT,  TAA,  and  AI  tu¬ 
mors.  The  Wilcoxon  rank  sum  test  was  used  to  test 
for  differences  in  PSA  levels  between  TAA  and 
UNT  tumors  and  to  test  for  differences  in  Ki-67 
immunostaining  among  UNT,  TAA,  and  AI  tumors. 
Again,  the  Bonferroni  adjustment  was  applied.  The 
exact  test  for  ordered  categorical  data  de.scribed  by 
Mehta  et  al.  (39)  was  used  to  test  for  an  association 
between  Her-2-neu  expression  and  Gleason  grade 
(Gleason  score  4-6  versus  7  versus  8-10)  in  TAA 
and  UNT  tumors.  The  same  test  was  also  used  to  test 
for  differences  in  the  distribution  of  clinical  tumor 
stage  and  Gleason  grade  between  TAA  and  UNT 
tumors.  Logistic  regression  was  used  to  test  for  an 
association  between  Her-2-neu  positivity  and  treat¬ 
ment  categories  (UNT  and  TAA)  controlling  for 
both  Gleason  grade  (4-6  versus  7  versus  8-10)  and 
stage  (stage  II  versus  stage  III  or  IV)  (36).  All  sta¬ 
tistical  tests  were  two-sided,  and  a  P  value  of  .05 
was  considered  to  be  statistically  significant. 

Results 

Her-2-neu  Protein  Expression  in 
Normal  and  Neoplastic 
Human  Prostates 

We  first  analyzed  the  expression  of 
Her-2-neu  protein  in  normal  prostate  tis¬ 
sue  adjacent  to  tumor  in  the  same  sec¬ 
tions.  Her-2-neu  expression  was  univer¬ 
sally  detected  by  immunohistochemistry 
in  the  basal  cells  from  both  UNT  and 
TAA  specimens.  Thus,  we  used  basal  cell 
Her-2-neu  expression  as  an  internal  con¬ 
trol  for  the  analysis  of  Her-2-neu  expres¬ 
sion  in  the  tumor  cells.  Her-2-neu  expres¬ 
sion  was  not  detected  in  secretory  cells 
from  UNT  tumors.  In  contrast,  Her-2-neu 
expression,  as  characterized  by  diffuse 
membrane  staining,  was  detected  in  secre¬ 
tory  cells  from  TAA  tumors  (Fig.  1,  B). 

All  of  the  primary  prostate  cancers  ex¬ 
pressed  Her-2-neu  in  at  least  1%  of  cells. 
Variability  in  Her-2-neu  expression  was 
observed  both  in  the  intensity  of  immu¬ 
nostaining  and  in  the  percentage  of  posi¬ 
tive  tumor  cells.  With  the  use  of  both  the 
relative  and  the  absolute  scoring  methods, 
Her-2-neu  expression  was  statistically 
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significantly  higher  in  TAA  than  in  UNT 
primary  prostate  cancers.  Specifically, 
with  the  use  of  the  relative  scoring 
method,  there  was  a  statistically  signifi¬ 
cant  difference  in  the  percentage  of  Her- 
2-neu-positive  cells  (continuous  variable) 
between  TAA  and  UNT  tumors  (P  = 
.008).  When  the  cutoff  of  50%  was  used 
to  categorize  high  and  low  expressors,  34 
(51%)  of  67  UNT  cases  versus  27  (79%) 
of  34  TAA  cases  expressed  high  Her-2- 
neu  levels  (P  =  .011).  With  the  use  of  the 
absolute  scoring  method,  17  (25%)  of  67 
UNT  cases  versus  20  (59%)  of  34  TAA 
cases  (P  =  .002)  were  scored  as  positive 
(Table  1,  A  and  B;  Fig.  2). 

Because  AI  tumors  lack  basal  cells  in 
the  metastases,  we  used  the  absolute  scor¬ 
ing  method  to  assess  Her-2-neu  expres¬ 
sion  in  these  tumors.  There  was  a  statis¬ 
tically  significant  higher  percentage  of 
Her-2-neu-positive  cases  (14  [78%]  of 
18)  in  AI  tumors  than  in  UNT  tumors 
(P<.001)  (Table  1,  B).  Finally,  the  per¬ 
centage  of  Her-2-neu-positive  cases 
showed  a  statistically  significant  increase 


from  UNT  to  TAA  to  AI  tumors  (P<.001) 
(Table  1,  B;  Fig.  2). 

Although  Gleason  grade  is  usually 
overestimated  following  androgen  abla¬ 


tion  treatment  (40),  both  UNT  and  TAA 
tumors  were  assigned  a  Gleason  grade  to 
determine  if  there  was  an  association  be¬ 
tween  Her-2-neu  expression  and  tumor 


Table  1.  Her-2-neu  expression* 


A)  Relative  scoring  method 


UNT  TAA 

(n  =  67)  (n  =  34)  P 


Mean  percentage  of  Her-2-neu-positive 
cells  (95%  confidence  interval) 
Percentage  of  Her-2-neu  high  expressors, 
applying  a  50%  cutoff 
(95%  confidence  interval) 

50.1  (42.3-57.9) 

51 (39-64) 

67.7  (57.8-77.5) 

79  (62-91) 

Student’s  t  test: 

P  =  .008 
Fisher’s  exact  test: 
P  =  .011 

B)  Absolute  scoring  method  f 

UNT 
(n  =  67) 

TAA 
(n  -  34) 

AI 

(n  -  18) 

Percentage  of  Her-2-neu-positive  cases 
(95%  confidence  interval) 

25  (16-37) 

59  (41-75) 

78  (52-94) 

*UNT  —  tumors  from  patients  not  treated  with  total  androgen  ablation  therapy;  TAA  =  tumors  from 
patients  treated  with  total  androgen  ablation  therapy;  AI  =  tumors  from  patients  that  failed  to  respond  to  total 
androgen  ablation  therapy  and  developed  androgen-independent  disease  metastatic  to  the  bone. 

tFisher’s  exact  test:  UNT  versus  TAA,  P  =  .002;  UNT  versus  AI,  P<.001;  TAA  versus  AI,  P  =  .227. 


Fig.  2.  A)  Her-2-neu  expression  in  tumors  from  pa¬ 
tients  who  were  not  treated  with  total  androgen  ab¬ 
lation  therapy  (UNT  tumors),  who  received  total  an¬ 
drogen  ablation  therapy  (TAA  tumors),  and  who  had 
metastatic  prostate  cancer  (androgen-independent 
[AI]  tumors)  and  its  relationship  to  proliferation  rate 
as  assessed  by  Ki-67  immunostaining.  Her-2-neu 
expression  was  quantified  by  the  absolute  scoring 
method.  Data  are  expressed  as  mean  percentage  of 
positive  cases,  with  95%  confidence  intervals  (open 
bars,  left  scale).  Percentage  positive  Ki-67  staining 
is  expressed  as  median  percentage  of  positive  cases, 
with  interquartile  ranges  (solid  bars,  right  scale). 
B)  Her-2-neu  immunohistochemical  staining  in 
UNT,  TAA,  and  AI  prostate  cancers,  i:  Her-2-neu 
negative  UNT  prostate  cancer.  Adjacent  normal 
gland  shows  positive  Her-2-neu  expression  in  the 
basal  cells  (3,3-diaminobenzidine  [DAB]  detection 
with  hematoxylin  counterstain).  Original  magnifica¬ 
tion  x200.  ii:  Prostate  cancer  from  a  patient  treated 
with  total  androgen  ablation  therapy  shows  moder¬ 
ate  to  complete  Her-2-neu  membrane  staining  in  the 
tumor  cells.  Adjacent  normal  gland  shows  positive 
Her-2-neu  expression  in  both  the  basal  and  the  se¬ 
cretory  cells  (DAB  detection  with  hematoxylin 
counterstain).  Original  magnification  x200.  iii:  AI 
prostate  cancer  metastatic  to  the  bone  shows  strong 
complete  membrane  staining  for  Her-2-neu  in  the 
tumor  cells  (DAB  detection  with  hematoxylin  coun¬ 
terstain).  Original  magnification  x200. 
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differentiation.  Positive  Her-2-neu  ex¬ 
pression,  as  assessed  by  the  absolute  scor¬ 
ing  method,  was  associated  with  higher 
Gleason  grade  in  primary  prostate  cancers 
considered  as  one  group  {P  =  .007). 
When  TAA  and  UNT  patients  were  ana¬ 
lyzed  separately,  the  association  with 
Gleason  grade  was  still  statistically  sig¬ 
nificant  for  the  UNT  patients  but  not  for 
the  TAA  patients  {P  =  .002  and  P  =  .42, 
respectively). 

No  significant  difference  in  either 
Gleason  grade  or  tumor  stage  distribution 
was  found  between  TAA  and  UNT  tu¬ 
mors  (F  =  .97  and  P  =  .80,  respec¬ 
tively).  However,  to  ensure  that  the  asso¬ 
ciation  between  Her-2-neu  expression  and 
treatment  categories  (UNT  versus  TAA) 
was  independent  of  both  Gleason  grade 
and  tumor  stage,  we  used  a  logistic  re¬ 
gression  model.  This  association  re¬ 
mained  statistically  significant  after  con¬ 
trolling  for  Gleason  grade  and  stage  (F  = 
.004). 

No  association  was  observed  between 
Her-2-neu  expression  (absolute  scoring 
method)  and  tumor  stage  in  primary  pros¬ 
tate  cancers  (F  =  .081)  or  between  Her- 
2-neu  expression  and  the  time  to  PSA  re¬ 
currence  or  survival. 

Overexpression  of  Her-2-neu  confers 
androgen-independent  growth  to  the 


LNCaP  prostate  cancer  cell  line  in  vitro 
through  the  activation  of  the  AR  in  a  li¬ 
gand-independent  fashion  (26).  There¬ 
fore,  to  determine  if  increased  expression 
of  Her-2-neu  in  human  prostate  cancers 
was  associated  with  expression  and  acti¬ 
vation  of  the  AR,  we  assessed  the  expres¬ 
sion  of  the  AR  and  of  its  known  down¬ 
stream  target,  PSA,  in  all  of  the  tumors. 
All  of  the  tumors  were  positive  for  both 
AR  and  PSA,  as  detected  by  immunohis- 
tochemistry  (Fig.  3,  ii  and  iii),  except  for 
three  AI  metastatic  tumors,  which  ex¬ 
pressed  AR  but  not  PSA.  The  lack  of  PSA 
expression  in  these  three  tumors  may  be  a 
result  of  the  scant  fragments  of  tumor  tis¬ 
sue  available  for  analysis. 

Both  the  biologic  and  clinical  progres¬ 
sion  of  prostate  cancer  to  androgen- 
independent  disease  following  androgen 
ablation  therapy  can  be  broken  down  into 
two  distinct  phases.  The  tumor  initially 
escapes  dependence  on  androgen  for  sur¬ 
vival,  and  it  subsequently  escapes  depen¬ 
dence  on  androgen  for  growth  (47 j.  To 
determine  whether  prostate  cancers  of  the 
TAA  and  AI  types  belonged  to  the  sur¬ 
vival  or  growth  stage,  we  assessed  the 
proliferation  rate  in  the  tumor  sections  by 
Ki-67  immunostaining.  The  proliferation 
rate  was  statistically  significantly  lower  in 
TAA  tumors  than  in  UNT  tumors 


(F<.001),  whereas  Her-2-neu  expression 
was  higher  in  TAA  tumors  than  in  UNT 
tumors.  In  contrast,  the  proliferation  rate 
of  AI  metastatic  prostate  cancers  was  sta¬ 
tistically  significantly  higher  than  in  both 
UNT  (F  =  .014)  and  TAA  (F<.001)  tu¬ 
mors  (Fig  2,  A). 

Genomic  and  mRNA  Analysis 
of  Her-2-neu 

With  the  use  of  ISH,  Her-2-neu  mRNA 
was  detected  in  17  of  20  prostatectomy 
specimens,  both  in  tumor  cells  and  in  the 
adjacent  normal  prostate  glands.  The 
other  three  tumors  appeared  to  lack  Her- 
2-neu  mRNA,  most  likely  because  the 
RNA  had  degraded.  Of  the  17  positive 
tumors,  12  were  found  to  express  high 
levels  of  Her-2-neu  mRNA  (Fig.  3,  iv). 
Seven  of  these  12  tumors  also  expressed 
high  levels  of  Her-2-neu  protein.  Five  tu¬ 
mors  that  expressed  low  levels  of  Her-2- 
neu  mRNA  also  expressed  low  levels  of 
Her-2-neu  protein.  Six  of  seven  AI  meta¬ 
static  tumors  tested  by  ISH  expressed 
Her-2-neu  mRNA.  All  of  these  tumors  ex¬ 
pressed  high  Her-2-neu  protein  levels. 
Thus,  there  was  concordance  between 
Her-2-neu  protein  and  mRNA  expression. 
No  hybridization  signal  was  detected  with 
the  control  sense  probe  (Fig.  3,  v). 


Fig.  3.  Serial  sections  from  a  TAA  prostate  cancer  (i.e.,  cancer  from  a  patient 
who  received  total  androgen  ablation  therapy)  analyzed  by  immunohistochem- 
istry  for  Her-2-neu,  androgen  receptor,  and  prostate-specific  antigen  (PSA)  pro¬ 
tein  expression,  by  in  situ  hybridization  (ISH)  for  Her-2-neu  messenger  RNA 
expression,  and  by  fluorescent  in  situ  hybridization  (FISH)  for  analysis  of  the 
Her-2-neu  locus,  i:  Complete  membrane  staining  for  Her-2-neu  in  the  tumor 
cells  (3,3-diaminobenzidine  [DAB]  detection  with  hematoxylin  counterstain). 
Original  magnification  x400.  ii:  Nuclear  immunostaining  for  the  androgen  re¬ 
ceptor  (DAB  detection  with  hematoxylin  counterstain).  Original  magnification 


x400.  iii:  Positive  cytoplasmic  immunostaining  for  PSA  (DAB  detection  with 
hematoxylin  counterstain).  Original  magnification  x400.  iv:  ISH  with  the  anti- 
sense  ^^S-labeled  Her-2-neu  probe  generates  a  specific  signal  in  neoplastic  cells 
(hematoxylin-eosin  counterstain).  Original  magnification  x400.  v:  ISH  with  the 
sense  ^^S -labeled  Her-2-neu  probe.  No  specific  signal  is  detected  (hematoxylin- 
eosin  counterstain).  Original  magnification  x400.  vi:  FISH  for  the  Her-2-neu 
locus  shows  no  gene  amplification  [2-(4-amidinophenyl)-6-indolecarbami- 
dinedihydrochloride  counterstain].  Original  magnification  xlOOO. 
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We  also  analyzed  the  same  subset  of 
tumors  for  evidence  of  genomic  amplifi¬ 
cation.  Of  the  28  tumor  samples  analyzed 
by  FISH,  seven  (five  primary  carcinomas 
and  two  metastases)  did  not  produce  an 
adequate  result  because  of  either  tissue 
overdigestion  or  high  background.  Geno¬ 
mic  amplification  of  the  HER-2-neu  locus 
was  not  detected  in  any  of  the  prostate 
tumors  or  in  the  LAPC4  xenograft.  All 
scorable  tumor  samples  (n  =  21),  includ¬ 
ing  the  LAPC4  xenograft,  had  a  Her-2- 
neu  FISH  score  of  less  than  4  (Fig.  3,  vi). 
The  breast  carcinoma  used  as  the  positive 
control  showed  amplification  of  the  Her- 
2-neu  locus  (FISH  score  >10),  while  the 
one  used  as  the  negative  control  showed 
no  amplification. 

Discussion 

Tumor  progression  to  androgen- 
independent  growth  eventually  occurs  in 
prostate  cancer  patients  treated  with  an¬ 
drogen  ablation  therapy.  No  modes  of 
therapy  are  currently  available  for  AI  tu¬ 
mors.  Molecular  characterization  of  the 
progression  of  prostate  cancer  to  andro¬ 
gen  independence  is  of  paramount  impor¬ 
tance  in  understanding  the  biologic 
mechanisms  underlying  this  process. 

The  majority  of  AI  prostate  tumors  ex¬ 
press  both  AR  (32,42)  and  androgen- 
dependent  genes,  indicating  that  the  AR- 
signaling  pathway  is  functional  in  the 
absence  of  androgen.  However,  the 
mechanism  by  which  the  pathway  is  acti¬ 
vated  in  the  absence  of  androgen  is  un¬ 
known.  AR  mutations  (43-48)  or  AR 
gene  amplification  (49)  and  alterations  in 
kinases  (50-55),  growth  factors  (52,56), 
and  nuclear  receptor  coactivators  (57) 
have  all  been  proposed  to  modulate  AR 
signaling  and  may,  therefore,  play  key 
roles  in  the  mechanism  of  androgen  inde¬ 
pendence  in  prostate  cancer. 

One  possible  player  in  the  develop¬ 
ment  of  androgen  independence  is  Her-2- 
neu.  Craft  et  al.  (26)  demonstrated  that 
overexpression  of  Her-2-neu  confers  an¬ 
drogen-independent  growth  to  the  andro¬ 
gen-dependent  LNCaP  prostate  cancer 
cell  line.  Furthermore,  in  the  absence  of 
androgen,  overexpression  of  Her-2-neu 
activates  the  transcription  of  PSA.  It  is 
interesting  that,  unlike  other  kinases  that 
are  able  to  activate  the  AR  pathway  in  the 
absence  of  the  ligand  (50),  Her-2-neu- 
mediated  PSA  activation  requires  the  AR 
but  is  not  inhibited  by  the  antiandrogen 
drug  Casodex.  Thus,  Her-2-neu  overex¬ 
pression  in  prostate  cancer  cells  activates 


the  AR  pathway  in  the  absence  of  the  li¬ 
gand,  simulating  androgen  independence 
of  prostate  cancer  in  vivo. 

Further  evidence  that  Her-2-neu  may 
play  an  important  role  in  the  progression 
to  AI  prostate  cancer  is  our  observation  of 
a  progressive  increase  in  Her-2-neu  ex¬ 
pression  in  UNT,  TAA,  and  AI  prostate 
cancers.  In  addition,  primary  prostate  car¬ 
cinomas  treated  with  TAA  and  AI  metas¬ 
tases  coexpressed  AR  and  PSA,  which  is 
important  because  coexpression  of  Her-2- 
neu  with  AR  and  PSA  is  consistent  with 
activation  of  the  AR  pathway  by  Her-2- 
neu  in  a  ligand-independent  fashion. 

During  the  natural  history  of  prostate 
cancer  progression,  both  human  and  ex¬ 
perimental,  there  is  a  latent,  relatively 
quiescent  period  when  tumor  cells  survive 
but  do  not  proliferate  in  an  environment 
devoid  of  androgen  (40,41,58).  Subse¬ 
quently,  a  second  period  ensues  during 
which  highly  proliferating  tumor  cells  ex¬ 
pand  and  metastasize.  Our  data  show  that, 
although  there  was  an  increase  in  Her-2- 
neu  expression  in  primary  tumors  treated 
by  androgen  ablation,  there  was  a  de¬ 
crease  in  proliferation  rates  relative  to 
those  of  untreated  prostate  tumors.  In 
contrast,  there  was  a  dramatic  increase 
in  the  proliferation  rates  of  androgen- 
independent  bone  metastases.  A  possible 
explanation  for  the  differences  in  pro¬ 
liferation  rates  is  that  Her-2-neu  initially 
confers  survival  to  tumor  cells  by  activat¬ 
ing  the  AR  pathway  in  an  androgen- 
independent  fashion.  These  same  cells, 
however,  may  still  require  androgens  for 
proliferation.  This  hypothesis  is  supported 
by  the  observation  that,  although  the  ma¬ 
jority  of  secretory  cells  undergo  apoptosis 
upon  androgen  withdrawal  (59,60),  re¬ 
sidual  secretory  cells  present  in  the 
treated  prostate  express  high  levels  of 
Her-2-neu  protein.  Increased  expression 
of  Her-2-neu  may,  therefore,  be  a  pros¬ 
tate-specific  rather  than  a  tumor-specific 
mechanism  for  cell  survival  in  an  andro¬ 
gen-depleted  environment. 

Although  genomic  amplification  of  the 
HER-2-neu  locus  is  responsible  for  Her- 
2-neu  protein  overexpression  in  breast 
and  ovarian  carcinomas  (2),  the  mecha¬ 
nism  for  Her-2-neu  overexpression  in 
prostate  cancer  is  unknown,  and,  in  fact, 
overexpression  itself  in  the  prostate  is  still 
controversial.  Our  findings  show  that  the 
Her-2-neu  protein  is  expressed  at  statisti¬ 
cally  significantly  higher  levels  in  pros¬ 
tate  cancers  treated  by  androgen  depriva¬ 
tion  (TAA  and  AI)  than  in  untreated 


cancers  (P<.005)  and  that  high  protein  ex¬ 
pression  is  accompanied  by  high  mRNA 
expression  but  is  not  accompanied  by 
HER-2-neu  gene  amplification.  Thus, 
steady-state  Her-2-neu  transcripts  (and, 
consequently,  Her-2-neu  protein)  may  be 
progressively  increased  by  androgen  ab¬ 
lation.  Alternatively,  tumor  cells  with  ini¬ 
tial  high  levels  of  Her-2-neu  may  be  se¬ 
lected  for  during  androgen  deprivation 
through  the  elimination  of  the  androgen- 
sensitive,  low-Her-2-neu-expressing  tu¬ 
mor  cell  subpopulation.  Indeed,  in  un¬ 
treated  primary  prostate  carcinomas, 
positive  immunostaining  for  Her-2-neu 
was  associated  with  decreased  tumor  cell 
differentiation,  i.e.,  a  higher  Gleason 
grade  (P  =  .007).  The  response  to  andro¬ 
gen  therapy  appears  to  be  inversely  re¬ 
lated  to  Gleason  grade  (40).  Thus,  the 
Her-2-neu-expressing  tumor  component 
with  high  Gleason  grade  may  not  be  re¬ 
sponsive  to  androgen  ablation  therapy  and 
might,  therefore,  be  selected  for  survival. 
However,  our  data  indicate  that  the  in¬ 
creased  Her-2-neu  expression  in  treated 
tumors  relative  to  untreated  tumors  is  in¬ 
dependent  of  Gleason  grade.  Thus,  in¬ 
creased  Her-2-neu  expression  may  be  a 
necessary  mechanism  for  prostate  tumor 
cells  to  survive  in  an  androgen-depleted 
environment,  independent  of  the  differen¬ 
tiation  status  of  tumor  cells. 

There  is  evidence  that  determining  the 
functional  status  of  Her-2-neu  may  not  be 
a  requirement  in  order  to  target  the  mol¬ 
ecule  therapeutically.  Protein  levels  of 
Her-2-neu  do  not  necessarily  reflect  its 
functional  activity.  However,  in  a  human 
xenograft  model  of  prostate  cancer,  Her- 
ceptin  dramatically  inhibited  growth  in 
androgen-dependent  tumors  that  had  been 
characterized  purely  on  the  basis  of  im- 
munohistochemical  overexpression  of 
Her-2-neu.  Herceptin  was  also  effective 
against  AI  tumors  when  it  was  used  in 
combination  with  the  chemotherapy  agent 
paclitaxel  (61).  In  addition,  as  a  single 
agent,  a  different  anti-Her-2-neu  antibody 
that  is  directed  against  a  more  proximal 
epitope  of  the  extracellular  domain  of  the 
Her-2-neu  protein  strongly  inhibited  Her- 
2-neu-positive,  AI  xenograft  tumors  (62). 
Taken  together,  these  data  support  the  ap¬ 
proach  of  therapeutic  targeting  of  Her-2- 
neu  in  both  androgen-dependent  and  an¬ 
drogen-independent  stages  of  prostate 
cancer  on  the  basis  of  protein  expression 
alone. 

The  demonstration  that  a  population  of 
Her-2-neu-positive  tumor  cells  gradually 
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increases  with  progression  toward  AI 
prostate  cancer  further  justifies  targeting 
Her-2-neu  in  androgen-independent  dis¬ 
ease.  In  addition,  because  Her-2-neu- 
positive  tumor  cells  are  present  in  un¬ 
treated  tumors  and  increase  in  relative 
number  during  the  early  phases  of  andro¬ 
gen  deprivation,  combining  hormonal  ab¬ 
lation  with  Her-2-neu  targeting  may  help 
eradicate  those  tumor  cells  that  are  able  to 
survive  in  an  androgen-depleted  environ¬ 
ment  and  are  destined  to  become  andro¬ 
gen  independent  for  growth. 

Finally,  it  has  recently  been  shown  that 
PE  A3,  a  member  of  the  ets  family  of  tran¬ 
scription  factors,  specifically  targets  a 
DNA  sequence  on  the  Her-2-neu  pro¬ 
moter,  repressing  its  activity  (63).  Be¬ 
cause  we  have  shown  that  the  levels  of 
Her-2-neu  mRNA  parallel  protein  expres¬ 
sion  in  prostate  carcinomas,  future  devel¬ 
opment  of  transcriptional  inhibitors  of 
Her-2-neu  may  also  represent  a  valid 
therapeutic  option. 

In  summary,  we  have  shown  that  pro¬ 
gression  of  prostate  cancer  toward  andro¬ 
gen  independence  is  characterized  by  a 
gradual  increase  in  Her-2-neu  expression 
by  the  tumor  cells.  We  propose  that  Her- 
2-neu  may  function  by  initially  permitting 
prostate  cancer  cell  survival  in  an  andro¬ 
gen-depleted  environment.  We  also 
speculate  that,  over  time,  reactivation  of 
proliferation  occurs  in  Her-2-neu-positive 
cells,  probably  in  association  with  addi¬ 
tional  genetic  events.  Her-2-neu  targeting 
in  advanced  AI  prostate  cancers  is,  there¬ 
fore,  justified.  More  important,  our  data 
suggest  that  the  combination  of  androgen 
ablation  and  Her-2-neu  targeting  could  be 
effective  in  androgen-dependent  tumors. 
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The  p55  homologue  p63  encodes  for  different  iso¬ 
types  able  to  either  transactivate  p53  reporter  genes 
{JAp6S)  or  act  as  />53 -dominant-negatives  i^p63\ 
p63  is  expressed  in  the  basal  cells  of  many  epithelial 
organs  and  its  germline  inactivation  in  the  mouse 
results  in  agenesis  of  organs  such  as  skin  appendages 
and  the  breast.  Here,  we  show  that  prostate  basal 
cells,  but  not  secretory  or  neuroendocrine  cells,  ex¬ 
press  p63.  In  addition,  prostate  basal  cells  in  culture 
predominantly  express  the  ANp63a  isotype.  In  con¬ 
trast,  p63  protein  is  not  detected  in  human  prostate 
adenocarcinomas.  Finally,  and  most  importantly, 
)  mice  do  not  develop  the  prostate.  These 
results  indicate  that  p63  is  required  for  prostate  de¬ 
velopment  and  support  the  hypothesis  that  basal  cells 
represent  and/or  include  prostate  stem  cells.  Further¬ 
more,  our  results  show  that  p63  immunohistochem- 
istry  may  be  a  valuable  tool  in  the  differential  diagno¬ 
sis  of  benign  versus  malignant  prostatic  lesions. 
(Am  J  Pathol  2000,  157:1769-1775) 

p63  is  a  recently  cloned  homologue  of  the  p53  tumor 
suppressor  gene/""^  In  contrast  to  p53,  the  p63  gene 
encodes  for  at  least  six  major  isotypes."^  Three  isotypes 
(TAp63a,  TAp63p,  and  TAp63y)  contain  the  transactivat¬ 
ing  (TA)  domain  and  are  able  to  transactivate  p53  re¬ 
porter  genes  and  induce  apoptosis.  In  contrast,  the  other 
three  isotypes  (^Np63a,  AA/p63/3,  and  ANp63y)  are  tran¬ 
scribed  from  an  internal  promoter  localized  within  intron 
3,  lack  the  TA  domain,  and  act  as  dominant-negatives  to 
suppress  transactivation  by  both  p53  and  TAp63  iso¬ 


types.  p63  is  selectively  expressed  in  the  basal  cell  com¬ 
partment  of  a  variety  of  epithelial  tissues.^’^  Further,  p63- 
deficient  mice  show  severe  defects  in  the  development  of 
epithelial  organs  that  express  p63  protein,  namely  agen¬ 
esis  of  squamous  epithelia,  mammary,  salivary,  and  lach¬ 
rymal  glands.®’^  Altogether,  these  results  suggest  that 
p63  may  be  essential  for  the  maintenance  of  a  stem  cell 
population  in  various  epithelial  tissues. 

Knowledge  of  the  molecular  events  underlying  pros¬ 
tate  development  is  limited.  Normal  prostate  epithelium 
consists  of  three  different  types  of  cells:  secretory,  basal, 
and  neuroendocrine.  A  subset  of  cells  that  is  morpholog¬ 
ically  and  immunophenotypically  intermediate  between 
basal  and  secretory  cells  has  also  been  identified  within 
the  normal  prostate  epithelium.®""' ''  This  observation  has 
lead  to  the  hypothesis  that  basal  cells  represent  the 
precursors  of  secretory  cells.  In  contrast  to  this  hypoth¬ 
esis,  cell  kinetic  studies  in  the  rat  prostate  suggest  that 
basal  and  secretory  cells  are  independent  lineages  with 
self-renewal  capacities."' Therefore,  the  existence  of  a 
prostate  stem  cell  able  to  give  rise  to  both  basal  and 
secretory  cells  remains  highly  controversial. 

We  have  previously  shown  that  both  human  and 
mouse  prostate  basal  cells  express  p63  protein  (see 
Yang  et  aK  and  data  not  shown).  This  result  suggests  that 
p63  may  play  a  critical  role  in  prostate  development  by 
maintaining  a  prostate  stem  cell  population.  However, 
because  the  mouse  prostate  starts  to  develop  only  during 
the  last  few  days  of  gestation''^'"’®  and  p63{-/~)  mice  die 
at  birth,  assessment  of  prostate  development  in  these 
mice  requires  a  very  accurate  morphological  analysis 
and  no  data  are  currently  available  in  the  literature. 

In  the  present  study,  we  first  confirmed  that  p63  rep¬ 
resents  a  selective  marker  of  basal  cells  within  the  pros¬ 
tatic  epithelium  by  analyzing  p63  expression  in  a  series  of 
normal  prostates  and  in  normal,  basal  PrEC  prostate 
cells.  Second,  because  it  has  been  demonstrated  that 
prostate  cancers  express  markers  of  secretory  cells  and 
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are  usually  negative  for  basal  cell  markers,'’®’’'^  we  ana¬ 
lyzed  p63  expression  in  a  series  of  130  prostatic  carci¬ 
nomas  and  in  prostate  cancer  cell  lines.  Finally,  to  assess  the 
role  of  p63  in  prostate  development  we  histologically  analyzed 
the  periurethral  region  In  day  1,  p63(-/-)  male  mice. 

Our  results  show  that  p63  is  a  reliable  prostate  basal 
cell  marker  and  that  the  ANp63a  isotype  is  the  most 
abundantly  represented  in  normal  prostate  basal  (PrEC) 
cells.  Because  p63  protein  is  consistently  undetectable  in 
prostate  cancers,  we  propose  that  p63  expression  may 
be  used  in  the  differential  diagnosis  between  benign  and 
malignant  lesions  of  the  prostate.  Finally  and  most  impor¬ 
tantly,  our  results  indicate  that  p63  expression  is  neces¬ 
sary  for  the  normal  development  of  the  mouse  prostate, 
suggesting  that  p63-positive  basal  cells  may  represent/ 
include  prostate  stem  cells. 


Materials  and  Methods 

Prostatectomy  Specimens  and  Prostate 
Cell  Lines 

This  study  was  performed  after  approval  by  the  Institu¬ 
tional  Review  Board  of  the  Dana  Farber  Cancer  Institute 
and  Brigham  and  Women’s  Flospital. 

One  hundred  thirty  prostate  cancer  specimens,  were 
retrieved  from  the  files  of  the  departments  of  Pathology  of 
the  Brigham  and  Women’s  Hospital,  the  Beth  Israel  Dea¬ 
coness  Medical  Center,  Boston,  MA,  and  the  University  of 
Ancona,  Italy,  and  used  in  immunohistochemistry  exper¬ 
iments.  The  prostate  cancer  patients  analyzed  included 
29  patients  treated  with  total  androgen  ablation  therapy 
for  3  months  before  surgery  (Zoladex  depot  every  28  days 
plus  Casodex  50  mg/day  for  12  weeks)  and  101  patients 
who  did  not  receive  any  treatment  before  surgery. 

Normal  basaloid  PrEC  prostate  cells  (Clonetics,  Walk- 
ersville,  MD)  and  LNCaP,  PC3,  and  DU  145  prostate  can¬ 
cer  cell  lines  (ATCC,  Rockville,  MD)  were  used  in  immu¬ 
nohistochemistry,  immunoblotting,  and  real-time  polymerase 
chain  reaction  (PCR)  experiments.  PC3  cells  were  also  used 
for  transfection  experiments.  Normal  stromal  PrSC  prostate 
cells  (Clonetics)  were  used  in  immunoblotting  experiments. 

Immunohistochemistry 

Immunostaining  was  performed  in  all  tissue  specimens 
and  paraffin-embedded  cell  lines  using  the  4A4  anti-p63 
antibody,  which  recognizes  alt  six  p63  isotypes. A  sub¬ 
set  of  58  samples  was  double-immunostained  for  p63 
and  HMWCK  (34i3E12:  DAKO,  Carpinteria,  CA).  Double- 
immunostaining  for  p63  and  chromogranin  A  (Novocastra 
Laboratories  Ltd.,  Newcastle  on  Tyne,  UK)  was  per¬ 
formed  in  10  samples. 

For  p63  immunostaining,  5-/xm  sections  were  deparaf- 
finized,  rehydrated,  and  subjected  to  microwaving  in  10 
mmol/L  citrate  buffer,  pH  6.0  (BioGenex,  San  Ramon,  CA) 
in  a  750  W  oven  for  15  minutes.  Slides  were  allowed  to 
cool  at  room  temperature  for  30  minutes.  The  4A4  anti¬ 
body  (1:50  dilution)  was  applied  at  room  temperature  for 
2  hours  in  an  automated  Stainer  (Optimax  Plus  2.0  be; 


BioGenex,  San  Ramon,  CA).  Detection  steps  were  per¬ 
formed  by  the  instrument  using  the  MultiLink-HRP  kit 
(BioGenex).  Peroxidase  activity  was  localized  using  3,3- 
diaminobenzidine  or  3,3-diaminobenzidine-nickel  chlo¬ 
ride.  Standardized  development  time  periods  allowed 
accurate  comparison  of  all  samples. 

For  double-immunostaining  experiments,  tissue  sec¬ 
tions  were  subsequently  incubated  with  the  second  anti¬ 
body  (anti-HMWCK  or  anti-chromogranin  A)  at  1:50  dilu¬ 
tion  for  30  minutes.  Detection  was  performed  using 
alkaline-phosphatase-conjugated  streptavidin  and  new 
fuchsin  (BioGenex). 

Substitution  of  the  primary  antibody  with  phosphate-buff¬ 
ered  saline  (PBS)  served  as  negative-staining  control. 


Immunoblot  Analysis 

PrEC,  PrSC,  LNCaP,  PCS,  and  DU145  cells  were  lysed  in 
200  jbil  of  lysis  buffer  (50  mmol/L  Tris,  pH  7.5,  250  mol/L 
NaCI,  0.1%  Triton  X-100,  1  mmol/L  ethylenediaminetet- 
raacetic  acid,  50  mmol/L  NaF,  0.1  mmol/L  Na3V04)  con¬ 
taining  1  mmol/L  dithiothreitol,  1  mmol/L  phenylmethyl 
sulfonyl  fluoride,  and  protease  inhibitor  cocktail  (Boehr- 
inger  Mannheim,  Indianapolis,  IN).  Immunoblotting  was 
performed  as  previously  described''®  using  the  4A4  anti- 
p63  antibody  at  1:250  dilution. 


Cell  Transfection 

PC3  cells  were  maintained  in  F-12  nutrient  mixture  me¬ 
dium  supplemented  with  8%  fetal  bovine  serum  (Life 
Technologies,  Inc.,  Gaithersburg,  MD).  A  pCDNAS  vector 
encoding  myc  epitope-tagged  ANp63a  isotype"^  was 
transfected  in  PCS  cells  using  FuGENE  6  transfection 
reagent  (Boehringer  Mannheim)  according  to  the  manu¬ 
facturer’s  direction.  Briefly,  PCS  cells  were  incubated  at 
37°C  in  a  250-ml  flask  with  a  solution  consisting  of  20  jotg 
of  DNA,  30  fjil  of  FuGENE  6  transfection  reagent,  and  F-12 
nutrient  mixture  medium  supplemented  with  8%  fetal  bovine 
serum.  Cells  were  harvested  24  hours  after  transfection. 

ReaTTime  Quantitative  PCR  (Taqman  PCR) 

RNA  Extraction  and  Reverse  Transcription  (RT) 

Total  RNA  was  extracted  from  PrEC,  LNCaP,  PCS,  and 
DU145  cells  with  the  use  of  the  RNeasy  mini  kit  (Qiagen, 
Chatsworth,  CA),  according  to  manufacturer’s  directions. 
For  cDNA  synthesis,  1  ixg  of  total  RNA  was  reverse- 
transcribed  in  a  20-/xl  reaction  mixture  containing  250 
jamol/L  of  each  dNTP,  20  U  of  RNase  inhibitor,  50  U  of 
MuLV  reverse  transcriptase,  2.5  /xmol/L  random  hexam- 
ers,  and  1  x  buffer  (1 .5  mmol/L  MgCl2)  (all  reagents  were 
purchased  from  PE  Applied  Biosystems,  Foster  City,  CA). 
The  reaction  mix  was  incubated  at  42°C  for  45  minutes 
and  then  denatured  at  OQ'^C  for  5  minutes.  For  each 
sample,  a  control  reaction  not  containing  the  reverse 
transcriptase  enzyme  was  also  performed. 
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Oligonucleotide  name 
TAp63  amplicon  size:  126  bp 
TAp63  forward  primer 
TAp63  reverse  primer 
TAp63  hybridization  probe 

ANp63  amplicon  size:  125  bp 
ANp63  forward  primer 
ANp63  reverse  primer 
ANp63  hybridization  probe 


Sequence  Exon 

TGTATCCGCATGCAGGACT  e3 

CTGTGTTATAGGGACTGGTGGAC  e4 

ACCTGAGTGACCCCATGTGGCC  e3-e4 

GAAAACAATGCCCAGACTCAA  e3' 

TGCGCGTGGTCTGTGTTA  e4 

TGAGCCACAGTACACGAACCTGGG  e3'-e4 
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Figure  1.  Sec|uences,  amplicon  sizes,  and  exon  localizations  of  primers  and  probes  used  for  Taqman®  PCR  experiment. 


Real-Time  PCR 

Specific  primers  and  probe  sets  for  TAp63  and  ANp63 
isotypes  (Figure  1)  were  designed  from  sequences  in  the 
GenBank  database  using  the  Primer  Express  1.0  Soft¬ 
ware  (PE  Applied  Biosystems).  The  primers  and  hybrid¬ 
ization  probes  spanned  an  intron  to  exclude  annealing  to 
genomic  DNA.  The  housekeeping  glyceraldehyde-3- 
phosphate  dehydrogenase  (GAPDH)  gene  was  used  as 
endogenous  control  to  standardize  the  amount  of  RNA  in 
each  reaction  (Taqman  GAPDH  control  reagents).  All 
primers  and  probes  were  synthesized  by  PE  Applied 
Biosystems.  PCR  was  performed  on  the  cDNA  samples 
using  an  ABI  PRISM  7700  Sequence  Detector  (PE  Ap¬ 
plied  Biosystems).  The  Taqman  PCR  Core  Reagent  Kit 
(PE  Applied  Biosystems)  was  used  according  to  the  man¬ 
ufacturer’s  protocol  with  the  following  modifications: 
dUTP  was  replaced  by  dTTP  and  incubation  with  Amp- 
Erase  was  omitted.  For  each  sample  tested,  PCR  reaction 
was  performed  in  a  50  (il  volume  containing  2  /ulI  of  cDNA 
reaction  (equivalent  to  100  ng  of  template  RNA)  and  2.5 
U  of  AmpliTaq  Gold.  Oligonucleotide  primers  and  fluoro- 
genic  probes  were  added  to  a  final  concentration  of  100 
nmol/L  each.  The  amplification  step  consisted  of  60  cy¬ 
cles  of  94°C  for  45  seconds,  54°C  for  45  seconds,  and 
64'’C  for  1  minute. 


In  each  experiment,  additional  reactions  with  seven 
serial  twofold  dilutions  of  PrEC  cDNA  as  template  were 
performed  with  each  set  of  primers  and  probes  (TAp63, 
AA/p63,  and  GAPDH)  on  the  same  96-well  plate  to  gen¬ 
erate  standard  curves,  which  related  the  threshold  cycle 
(Cj)  to  the  log  input  amount  of  template.  All  samples  were 
amplified  in  triplicates.  The  relative  amount  of  each  p63 
transcript  in  each  cell  line  was  determined  by  using  the 
standard  curve  method  and  by  normalizing  for  GAPDH 
mRNA  expression  levels,  as  described  in  detail  in  the  ABI 
PRISM  Sequence  Detection  System  User  Bulletin  No.  2 
(PE  Applied  Biosystems)  and  elsewhere.^®  The  amplifi¬ 
cation  efficiencies  for  ANp63  and  TAp63  transcripts  were 
also  calculated.  Because  they  were  approximately  similar 
(TA/AN  relative  efficiency  curve  had  a  slope  value  of 
0.91 ),  ANp63  and  TAp63  transcripts  levels  could  be  com¬ 
pared  with  reasonable  accuracy. 

Prostate  Analysis  of  p63(-/-)  and  Wild-Type 
Newborn  Mice 

p63{-/-)  mice  were  generated  as  previously  de¬ 
scribed.®  The  periurethral  region  of  newborn  p63(~l-) 
male  mice  and  of  newborn  wild-type  B57BI/6  male  mice 
(controls)  was  analyzed.  Specifically,  the  caudal  portion 
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Figure  2.  a;  Normal  prostate  gland  showing  selective  p63  nuclear  expression  in  basal  cells,  b;  Double-immunostaining  for  p63  (black  nuclear  staining)  and 
chromogranin  A  (red  cytoplasmic  staining):  neuroendocrine  cells  do  not  express  p63.  c:  Double-immunostaining  for  p63  (black  nuclear  staining)  and  HMWCK  (red 
cytoplasmic  staining):  the  majority  of  basal  cells  co-express  p63  and  HMWCK.  A  subset  of  basal  cells  expresses  p63  only,  d:  Prostate  gland  with  basal  cell  hyperplasia 
double-immunostained  for  p63  (brown  nuclear  staining)  and  HMWCK  (red  cytoplasmic  staining):  a  subset  of  p63-positive  and  HMWCK-negative  basal  cells  is  identified, 
e:  Dysplastic  cells  from  high-grade  prostatic  intraepithelial  neoplasia  glands  are  negative  for  p63  expression  whereas  a  rim  of  residual  p63-positive  basal  cells  can  be 
identified,  f:  Prostate  cancer  cells  do  not  express  p63  (left)  whereas  an  adjacent  normal  prostate  gland  (right)  .shows  p63  expression  in  basal  cells. 


of  each  animal  was  sectioned  along  a  coronal  plane, 
fixed  in  10%  buffered  formalin,  and  embedded  in  paraf¬ 
fin.  Histological  examination  was  performed  on  paraffin 
sections  stained  with  hematoxylin  and  eosin.  Coronal 
sections  of  the  entire  length  of  the  urethra  were  exam¬ 
ined.  In  addition,  the  periurethral  region  of  both  newborn 
p63(“/“)  and  wild-type  male  mice  was  immunostained  for 
p63  as  described  in  the  Immunohistochemistry  section. 


Results 

p63  Protein  Is  Selectively  Expressed  in  the 
Nuclei  of  Basal  Cells  of  Normal  Prostate  Glands 

Prostatectomy  Specimens 

We  first  determined  the  expression  of  p63  protein  in 
normal  prostate  tissue.  All  prostatectomy  specimens 


showed  universal  p63  immunostaining  of  basal  cell  nu¬ 
clei,  whereas  secretory  cells  were  consistently  negative 
(Figure  2a). 

To  assess  p63  expression  in  neuroendocrine  cells  and 
to  test  for  p63  and  HMWCK  co-expression  in  basal  cells, 
double-immunostaining  for  p63/chromogranin  A  and 
p63/HMWCK,  respectively,  was  performed.  Neuroendo¬ 
crine  cells  did  not  express  p63  protein  (Figure  2b).  Dou¬ 
ble-immunostaining  for  p63  and  HMWCK  showed  co¬ 
localization  of  the  two  antigens  in  the  majority  of  basal 
cells.  However,  a  minority  (~1  to  5%)  of  p63-positive/ 
HMWCK-negative  basal  cells  was  identified  (Figure  2,  c 
and  d). 

Normal  Prostate  Cells  (PrEC  and  PrSC) 

PrEC  and  PrSC  cells  are  commercially  available,  nor¬ 
mal  prostate  basal  and  stromal  cells,  respectively.  We 
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Figure  3.  a:  p63  protein  is  expressed  in  the  nuclei  of  —80%  of  normal  basal  prostate  PrEC  cells  by  immunohistochemistry.  LNCaP  (b),  PC3  (c),  and  DU145  (d) 
cells  do  not  express  p63  protein,  e:  Immunoblotting  of  PrEC  cell  lysate  (lane  1)  with  anti-p63  antibody  shows  a  major  band  at  ~80  kd  and  a  fainter  band  at  ~60 
kd.  LNCaP  (lane  2),  PC3  (lane  3)  and  DU  145  (lane  4)  cells  are  negative  for  p63  protein  expression  by  immunoblotting. 
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confirmed  by  immunohistochemistry  the  basal  cel!  phe¬ 
notype  of  PrEC  cells  (positivity  for  HMWCK  and  negativity 
for  androgen  receptor  and  prostate-specific  antigen) 
(Signoretti  and  Loda,  unpublished  data). 

By  immunohistochemistry,  80%  of  PrEC  cells  expressed 
p63  protein  in  the  nuclei  (Figure  3a).  Immunoblot  analysis  of 
PrEC  cell  lysate  with  anti-p63  antibody  showed  a  major 
band  at  '--80  kd  and  a  fainter  band  at  —60  kd  (Figure  3e).  In 
contrast,  PrSC  cells  were  negative  for  p63  expression  by 
immunoblotting  (not  shown).  Immunobtotting  of  PC3  cells 
transfected  with  a  mammalian  expression  vector  encoding 
myc  epitope-tagged  ANp63a  isotype  generated  a  band 
that  migrated  slightly  slower  than  the  80  kd  band  obtained 
with  PrEC  cells  (not  shown).  These  results  are  consistent 
with  our  previous  data  obtained  in  primary  human  foreskin 
keratinocytes."^  Taken  together  our  results  suggest  that 
ANp63a  is  the  predominant  p63  isotype  in  PrEC  cells. 

p63  Protein  Is  Not  Expressed  in  Prostatic 
Intraepithelial  Neoplasia  and  Invasive  Prostate 
Cancer 

Prostatectomy  Specimens 

We  next  examined  p63  protein  expression  in  130  hu¬ 
man  prostate  cancers.  HMWCK  expression  was  concom¬ 
itantly  analyzed  in  a  subset  of  58  cases  by  double-immu- 
nostaining. 

High-grade  prostatic  intraepithelial  neoplasia  was  de¬ 
tected  in  48  of  130  prostatectomy  specimens.  In  all  pros¬ 
tatic  intraepithelial  neoplasia  cases,  dysplastic  cells  were 
negative  for  both  p63  and  HMWCK,  but  a  rim  of  residual 
p63-positive  basal  cells  could  be  identified  (Figure  2e). 

One  hundred  twenty-six  of  130  (97%)  invasive  prostate 
cancers  were  negative  for  p63  (Figure  2f),  whereas  in 
four  cases.  <1%  of  cells  were  positive  for  both  p63  and 
HMWCK  (not  shown).  In  contrast,  in  three  cases  a  minor¬ 
ity  of  cells  (<5%)  was  positive  for  HMWCK  but  negative 
for  p63  (not  shown). 

Prostate  Cancer  Cell  Lines  (LNCaP,  PCS,  DU145) 

By  both  immunoblot  and  immunohistochemical  analy¬ 
sis  LNCaP,  PC3,  and  DU  145  cells  were  negative  for  p63 
protein  expression  (Figure  3,  b-e). 

AA/p63  Is  the  Most  Abundant  p63  Isotype  in 
PrEC  Cells 

Immunoblot  analysis  showed  that  ANp63a  likely  repre¬ 
sents  the  most  abundant  p63  protein  in  PrEC  cells 
whereas  prostate  tumor  cell  lines  are  negative  for  p63 
expression.  To  investigate  the  relative  abundance  of  p63 
isotypes  at  the  RNA  level,  ANp63  and  TAp63  transcripts 
levels  were  compared  in  PrEC,  LNCaP,  PC3,  and  DU145 
cells  by  real-time  relative  quantitative  PCR  (TaqMan- 
PCR).  As  compared  to  PrEC  cells  and  after  normalization 
for  GAPDH  mRNA  levels,  ANp63  mRNA  levels  were  at 
least  2,000  times  lower  in  PC3  cells  and  were  undetect¬ 


able  in  LNCaP  and  DU145  cells.  TAp63  mRNA  levels 
were  similar  in  PrEC  and  PC3  cells  (ratio  PC3/PrEC  =  1 .3) 
and  were  significantly  lower  in  LNCaP  and  DU145  cells 
with  14-fold  and  sevenfold  decreases,  respectively.  Re¬ 
actions  in  which  the  reverse  transcriptase  enzyme  was 
omitted  did  not  yield  significant  amplification  (data  not 
shown).  These  results  indicate  that  ANp63  transcripts  are 
virtually  absent  in  prostate  cancer  cell  lines,  whereas 
TAp63  mRNA  levels  are  detectable  in  varying  amounts  in 
all  three  cancer  cell  lines  tested. 

In  PrEC  cells,  the  threshold  cycle  (Cj)  for  AA/p63  am¬ 
plification  was  significantly  lower  as  compared  to  the  Cj 
for  TAp63  (23  versus  30  when  100  ng  of  RNA  were  used 
as  template)  (not  shown),  indicating  that  ANp63  tran¬ 
scripts  are  expressed  at  significantly  higher  levels  than 
TAp63  transcripts  in  these  cells. 

p63  Is  Essential  for  Normal  Prostate 
Development  in  the  Mouse 

Histological  examination  of  the  entire  length  of  the  urethra 
in  newborn  p63{-l~)  male  mice  revealed  absence  of  the 
prostate.  Specifically,  no  ducts  or  epithelial  budding 
structures  could  be  identified  either  in  the  ventral  or  in  the 
dorsolateral  region  of  the  periurethral  mesenchyma  (Fig¬ 
ure  4b).  Conversely,  in  control  mice,  epithelial  structures 
were  present  in  both  the  ventral  and  dorsolateral  portions 
of  the  periurethral  region  (Figure  4a).  The  epithelial  struc¬ 
tures  consisted  of  both  solid  buds  and  small  glands.  By 
immunohistochemistry,  both  urothelial  and  prostatic 
basal  cells  of  wild-type  mice  expressed  p63  protein  (Fig¬ 
ure  4a,  inset).  In  contrast,  p63  expression  could  not  be 
detected  in  either  epithelial  or  stromal  cells  of  p63(-/-) 
mice  (Figure  4b,  inset). 


Discussion 

As  previously  demonstrated  in  the  hematopoietic  system, 
cancers  arise  from  cells  arrested  at  various  stages  of 
differentiation. As  a  result,  the  identification  of  stem 
cells  and  subsequent  stages  of  differentiation  in  normal 
tissues  is  an  essential  step  in  understanding  the  mecha¬ 
nisms  involved  in  neoplastic  transformation. 

In  normal  prostate  epithelium,  the  lineage  relationships 
between  secretory,  basal,  and  neuroendocrine  cells,  and 
the  existence  of  a  common  precursor,  are  still  matters  of 
debate.  The  vast  majority  of  prostate  cancers  express 
markers  of  secretory  cells  such  as  androgen  receptor 
and  prostate-specific  antigen,  and  are  negative  for  basal 
cell  markers. Consequently,  it  has  been  generally 
accepted  that  prostate  cancer  arises  from  malignant 
transformation  of  secretory  cells.  However,  prostate  car¬ 
cinomas  may  also  express  genes  characteristic  of  basal 
cells. Thus,  the  cell  from  which  prostate  cancer 
arises  is  still  unknown. 

The  p63  gene  is  expressed  exclusively  in  the  basal 
cells  of  several  epithelial  organs  and  has  been  sug¬ 
gested  to  play  a  major  role  in  the  maintenance  of  the  stem 
cell  compartment  in  these  organs."^’®-^  Here,  in  a  large 
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Figure  4.  a:  A  coronal  section  of  the  periurethral  region  of  a  wild-type  mouse  shows  the  presence  of  prostatic  buds  (arrowheads)  in  both  the  ventral  (V)  and 
dorsolateral  periurethral  region.  Arrows  indicate  ejaculatory  ducts.  By  immu nohistochemistry,  basal  urothelial  and  prostatic  cells  express  p63  (inset),  b:  A 
coronal  section  of  the  periurethral  region  of  a  p63(~/-)  mouse  shows  complete  absence  of  prostatic  ducts  or  budding  structures  in  both  the  ventral  (V)  and 
dorsolateral  region  of  the  periurethral  mesenchyma.  p63  expression  could  not  be  detected  in  either  epithelial  or  stromal  cells  by  iminunohistochemistry  (inset). 
Ejaculatoiy  ducts  (arrows)  are  present  in  the  posterior  periurethral  region.  Detached  urothelial  cells  are  present  within  the  urethral  lumen. 


series  of  prostate  specimens,  we  confirm  that  the  p63 
protein  is  selectively  expressed  in  the  nuclei  of  basal 
cells  of  normal  prostate  glands.  In  addition,  we  show  that 
homozygous  inactivation  of  this  gene  in  the  mouse  results 
in  prostate  agenesis. 

Because  p63  is  selectively  expressed  in  adult  prostate 
basal  cells  and  it  is  undetectable  in  adult  prostate  stromal 
cells  both  in  vivo  and  in  vitro,  the  defect  in  prostate  de¬ 
velopment  in  p63{-l-)  mice  is  likely  ascribed  to  the 
epithelial  component.  However,  p63  may  be  essential  for 
either  maintaining  a  prostate  epithelial  stem  cell  popula¬ 
tion  or  sustaining  a  basal  cell  population,  which  does  not 
represent  a  stem  cell  compartment  perse  but  is  essential 
for  prostate  development  (eg,  signaling  to  the  surround¬ 
ing  mesenchyma). 

The  p63(-/-)  mouse  is  the  first  engineered  animal 
model  demonstrating  prostate  agenesis.  Further  manip¬ 
ulation  of  this  animal  model  will  certainly  provide  a  unique 
tool  to  study  prostate  development,  differentiation,  and 
neoplastic  transformation. 

In  prostate  basal  cells  grown  in  vitro,  the  predominantly 
expressed  p63  isotype  is  the  ANp63a  that  lacks  the 
transactivating  domain.  This  isotype  has  been  shown  to 
act  as  a  dominant-negative  on  the  transactivation  by  both 
TAp63  and  p53^  We  have  previously  shown  that  keratin- 


ocytes  differentiation  in  vitro  is  associated  with  down- 
regulation  of  the  ANp63  transcripts.®  Because  secretory 
cells  do  not  express  p63,  we  speculate  that  down-regu¬ 
lation  of  the  ANp63a  isotype  may  be  required  for  differ¬ 
entiation  of  basal  cells  into  secretory  cells.  These  findings 
are  interesting  inasmuch  as  p53-mediated  transcriptional 
activity  increases  in  a  variety  of  differentiating  cells  in¬ 
cluding  muscle  cells  and  keratinocytes,  despite  un¬ 
changed^®  or  decreased  p53  protein  levels. In  addi¬ 
tion,  transfection  of  mutant  p53^^  or  dominant-negative 
p53^^  results  in  a  lack  of  p53-dependent  transactivation 
and  differentiation,  suggesting  that  transcription  of  p53- 
regulated  genes  is  necessary  for  differentiation.  How¬ 
ever,  because  terminal  differentiation  occurs  inp53(-/-) 
cells,  p53  homologues,  including  TAp63,  may  have  over¬ 
lapping  functions  to  those  of  p53  in  differentiation.  Alto¬ 
gether,  these  data  suggest  that  relief  of  the  dominant¬ 
negative  function  of  ANp63  in  basal  cells  may  be 
necessary  for  activating  the  p53-dependent  gene  tran¬ 
scription  machinery  required  for  the  differentiation  of 
these  cells  into  secretory  cells. 

We  have  demonstrated  that  p63  is  not  expressed  in 
prostate  carcinomas.  This  finding  supports  the  hypothe¬ 
sis  that  prostatic  carcinomas  have  a  secretory  pheno¬ 
type.  Because  we  have  shown  that  p63  is  expressed  in 
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virtually  all  basal  cells,  including  a  cell  subset  negative 
for  HMWCK,  p63  Immunohistochemistry  may  be  a  valu¬ 
able  tool  for  the  differential  diagnosis  of  benign  versus 
malignant  prostatic  lesions. 

In  conclusion,  the  basal  cell  marker  p63  is  essential  for 
prostate  development  in  the  mouse  suggesting  that  pros¬ 
tate  basal  cells  may  represent  and/or  include  prostate 
stem  cells.  In  addition,  because  of  the  universal  expres¬ 
sion  of  p63  by  basal  cells,  p63  immunohistochemistry 
may  be  a  useful  adjunct  to  morphological  analysis  in  the 
prostate  surgical  pathology  setting. 
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ABSTRACT 


Purpose:  p27  is  an  inhibitor  of  the  cell  cycle  with  potential  tumor  suppressor  function.  De¬ 
creased  levels  of  p27  protein  expression  have  been  correlated  with  poor  prognosis  in  patients  with 
breast  and  colorectal  carcinomas.  Although  as  many  as  a  third  of  patients  with  clinically  localized 
prostate  cancer  will  have  relapse  after  radical  prostatectomy,  predicting  who  will  have  recur¬ 
rence  remains  enigmatic.  We  examined  the  ability  of  p27  protein  levels  to  predict  outcome  in 
patients  with  clinically  localized  disease  who  underwent  radical  prostatectomy. 

Materials  and  Methods:  p27  protein  expression  was  evaluated  in  86  patients  with  clinical  stage 
Tl-2  prostate  cancer  who  were  treated  with  radical  prostatectomy.  Archived  paraffin  embedded 
specimens  were  sectioned  and  immunostained  with  p27  antibody,  and  scored  by  2  independent 
observers  in  a  blinded  fashion.  The  absence  or  presence  of  p27  protein  was  then  correlated  with 
biochemical  relapse  in  univariate  and  multivariate  analyses. 

Results:  In  a  multivariate  analysis  that  included  age,  preoperative  prostate  specific  antigen, 
Gleason  score  and  pathological  stage  p27  was  a  strong  independent  predictor  of  disease-free 
survival  (p  =  0.0184,  risk  ratio  3.04),  second  only  to  pathological  stage  (p  =  0.0001,  risk  ratio 
6.73).  Even  more  strikingly,  multivariate  analysis  demonstrated  that  p27  was  the  strongest 
predictor  of  biochemical  recurrence  (p  =  0.0081,  risk  ratio  4.99)  among  factors  studied  in  patients 
with  pathological  T2a-T3b  disease. 

Conclusions:  Absent  or  low  levels  of  p27  protein  expression  appear  to  be  an  adverse  prognostic 
factor  in  patients  with  clinically  organ  confined  disease  treated  by  radical  prostatectomy.  This 
marker  appears  to  be  especially  useful  in  those  patients  in  whom  surgery  is  believed  to  be 
potentially  curative,  that  is  patients  with  pathological  T2-T3b  disease.  Patients  with  low  or 
absent  p27  protein  expression  may  be  candidates  for  novel  adjuvant  therapies. 

Key  Words:  prostatic  neoplasms;  gene  products,  rex;  tumor  markers 


p27  is  a  candidate  tumor  suppressor  gene  that  belongs  to 
the  Cip/Kip  family  of  cyclin  dependent  kinase  inhibitors. ^  It 
regulates  progression  of  the  cell  cycle  from  the  G1  to  S  phase 
by  binding  to  and  inhibiting  the  cyclin  E/cdk2  complex.^ 
Recent  publications  have  suggested  that  p27  has  an  impor¬ 
tant  role  in  normal  cell  cycle  regulation  and  cancer."^ 

Although  mutations  of  the  p27  gene  appear  to  be  rare  in 
human  tumors,^  alterations  in  the  posttranslational  process¬ 
ing  of  p27  leading  to  decreased  amounts  of  p27  protein  have 
been  detected  in  a  variety  of  cancers.  Low  levels  of  p27 
protein  presumably  interfere  with  the  ability  of  cancer  cells 
to  halt  cell  cycling  and  lead  to  the  accumulation  of  additional 
genetic  alterations  and  more  malignant  growth.'"’  p27  has 
also  been  suggested  to  have  a  role  in  adhesion  dependent  cell 
growth,  as  loss  of  p27  may  alter  intercellular  adhesion  and 
facilitate  metastasis.^’  Consistent  with  these  hypotheses,  im- 
munohistochemical  analysis  of  p27  protein  expression  in 
breast,'^’ colorectaP  and  gastric^^  carcinomas  has  demon¬ 
strated  a  relationship  between  reduced  levels  of  p27  protein 
and  poor  clinical  outcome.  In  particular,  low  levels  of  p27 
expression  independently  predict  cancer  recurrence  following 
definitive  local  therapy  for  all  3  cancers. 

To  our  knowledge  no  studies  of  p27  protein  expression  in 
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prostate  cancer  have  been  reported.  The  study  of  p27  expres¬ 
sion  in  prostate  is  particularly  attractive,  since  there  are  still 
few  reliable  independent  prognostic  markers  for  this  disease. 
We  examined  the  expression  of  p27  protein  in  86  patients 
with  clinically  organ  confined  disease  who  underwent  radical 
prostatectomy.  The  relationship  of  p27  protein  expression 
and  biochemical  disease  relapse  was  studied  to  determine 
whether  p27  has  prognostic  value  in  patients  with  clinically 
localized  prostate  cancer.  We  also  evaluated  whether  p27 
could  provide  information  independent  of  conventional  crite¬ 
ria,  such  as  pathological  stage.  We  found  that  p27  expression 
level  was  an  independent  predictor  of  biochemical  relapse 
among  the  entire  cohort  studied.  Remarkably,  p27  is  the 
strongest  predictor  of  outcome  in  patients  with  pathological 
T2-T3b  prostate  cancer. 

MATERIALS  AND  METHODS 

Specimens.  Formalin  fixed,  paraffin  embedded  tissue 
blocks  were  recovered  from  86  patients  who  underwent  rad¬ 
ical  prostatectomy  for  adenocarcinoma  of  the  prostate.  The 
cases  were  identified  from  the  385  consecutive  radical  pros¬ 
tatectomies  performed  by  a  single  urological  surgeon 
(J.  B.  D.)  between  1987  and  1995.  All  cases  that  fit  the  inclu¬ 
sion  and  exclusion  criteria  were  evaluated,  and  all  attempts 
were  made  to  avoid  bias  in  the  selection  of  cases. 

All  pathological  specimens  were  processed  in  a  uniform 
manner,  with  the  margins  inked  and  serial  step  sections  of 
the  prostate  taken  at  0.5  cm.  intervals.  All  patients  in  the 
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study  had  a  clinical  T1  or  T2  tumor,  at  least  2  years  of  clinical 
and  biochemical  followup,  and  adequate  pathological  tissue 
for  immunohistochemical  analysis.  Patients  were  excluded 
from  the  study  if  tissue  blocks  with  histologically  confirmed 
prostate  cancer  could  not  be  found,  any  neoadjuvant  or  ad¬ 
juvant  endocrine  therapy  had  been  administered  or  a  patient 
had  received  adjuvant  radiotherapy.  All  histopathological 
features  of  the  tumors  were  rereviewed  and  confirmed  by  a 
single  pathologist  (J.  P.)  using  the  standard  Gleason  grading 
and  TNM  pathological  staging  systems.  The  Gleason  grade  of 
the  tumors  was  further  confirmed  by  a  second  pathologist 
(M.  L.). 

Patients  were  examined  at  followup  every  3  months  in  year 
1  following  surgery,  every  6  months  during  year  2  and  annu¬ 
ally  thereafter.  Patients  were  evaluated  with  a  digital  rectal 
examination  and  serum  prostate  specific  antigen  (PSA)  level. 
Median  followup  of  the  study  population  was  40  months 
(range  24  to  115).  Cancer  recurrence  was  defined  as  a  PSA 
value  greater  than  0.4  ng./dl.  (Hybritech  assay).  Information 
about  preoperative  PSA  level,  Gleason  score  of  the  patholog¬ 
ical  specimen,  pathological  stage  and  postoperative  PSA  lev¬ 
els  was  obtained  from  the  UCLA  prostate  cancer  data  base. 

Inununohistochemistry.  Archival  specimen  blocks  contain¬ 
ing  the  primary  tumor  were  identified.  Formalin  fixed,  par¬ 
affin  embedded  5  /xm.  sections  were  mounted  on  charged 
glass  slides,  deparaffinized  and  rehydrated  through  graded 
alcohol  rinses,  Immunohistochemistry  was  then  performed  in 
an  automated  processor.  Slides  were  immersed  in  10  mmol./l. 
citrate  buffer,  pH  6.0,  and  microwaved  in  a  750  W.  oven 
inside  a  pressure  cooker  for  a  30-minute  period.  The  slides 
were  cooled  at  room  temperature  for  30  minutes,  after  which 
a  1:200  dilution  of  p27  mouse  monoclonal  antibody  was  ap¬ 


plied  to  the  specimens  for  24  minutes  at  37C  in  the  auto¬ 
mated  Stainer,  Steps  performed  by  the  automated  instru¬ 
ment  included  the  application  of  goat/horse  serum  blocking 
antibodies,  application  of  the  secondary  antibody  conjugated 
to  an  avidin-biotin  peroxidase  complex  and  selection  of  the 
bound  antibody  complex  using  3,3-diaminobenzidine  as  the 
substrate.  The  processed  slides  were  then  counterstained 
with  hematoxylin  and  cover  slips  were  applied. 

Antibodies  with  no  known  human  recognition  site  were 
used  as  negative  controls.  Normal  prostate  basal  cells  served 
as  negative  internal  controls  for  p27  antibody  (fig.  1,  A). 
Preserved  antigenicity  of  the  formalin  fixed,  paraffin  tissue 
was  verified  by  looking  for  p27  immunostaining  of  lympho¬ 
cytes  in  each  section  examined.  Prostate  secretory  epithe¬ 
lium  and  infiltrating  lymphocytes  served  as  internal  positive 
controls  for  p27  staining  (fig.  1,  C). 

p27  Scoring.  Each  specimen  was  scored  by  2  independent 
investigators  (R.  M.  Y.  and  J.  P.)  for  p27  expression.  Scoring 
was  done  blinded,  with  neither  observer  having  knowledge  of 
clinical  history,  pathological  stage  or  disease  status  postop- 
eratively.  The  area  of  highest  Gleason  grade  was  scored  for 
each  specimen.  Approximately  500  cells  from  the  selected 
area  were  counted,  and  the  number  and  percentage  of  cells 
with  nuclear  p27  staining  were  noted.  Cells  that  had  either 
weak  or  strong  nuclear  staining  were  considered  to  be  posi¬ 
tive  for  p27  protein  expression  (fig.  1,  B  and  C).  Cells  without 
nuclear  staining  were  considered  negative  (fig.  1,  D).  The 
percentage  of  cells  expressing  p27  was  recorded  as  the  ratio 
of  positive  cells-to-the  total  number  of  cells  counted.  Based  on 
prior  reports  of  p27  expression  in  breast  cancer,  cases  were 
classified  as  being  high  or  low  p27  expressers.'^’^  Patients 
with  low  p27  expression  had  less  than  30%  of  the  nuclei  in 


Fig.  1.  Immunoreactivity  for  p27.  A,  p27  staining  in  normal  prostate  demonstrates  strong  positivity  of  secretory  epithelium  (large  arrow) 
and  absent  staining  of  underlying  basal  cell  epithelium  (small  arrow).  Reduced  from  X78.  B,  prostatic  adenocarcinoma  (arrow)  shows  strong 
immunoreactivity  for  p27  in  almost  all  of  neoplastic  cells.  Reduced  from  x31.  C,  weakly  positive  p27  staining  (arrow)  in  majority  of  cancer 
cells.  Reduced  from  X78.  Z),  absent  p27  staining  in  cancer  (arrowhead)  with  internal  positive  controls,  including  lymphocytes  (small  arrow) 
and  normal  secretory  epithelium  (large  arrow).  Reduced  from  x31. 
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the  specimen  staining  positive,  while  those  with  high  levels 
of  p27  expression  had  more  than  30%  of  the  nuclei  staining 
for  the  bound  antibody. 

Of  the  specimens  25%  were  randomly  chosen  and  rescored 
to  determine  the  degree  of  interobserver  and  intraobserver 
concordance.  We  obtained  a  greater  than  95%  interob¬ 
server  and  intraobserver  concordance.  Furthermore,  there 
were  no  instances  in  which  the  difference  in  the  first  and 
second  review  resulted  in  changing  a  case  from  1  summary 
category  to  another. 

Statistical  methods.  Univariate  associations  between  p27 
and  age,  preoperative  PSA,  Gleason  score  and  pathological 
stage  were  calculated  using  Spearman’s  rank  or  Pearson’s 
correlation  coefficients,  depending  on  the  characteristics  of 
the  variables.  Dichotomized  data  were  also  created  and  sep¬ 
arately  analyzed  using  the  chi-square  test.  Disease-free  sur¬ 
vival  curves  based  on  p27  and  the  other  covariates  were 
created  using  the  Kaplan-Meier  method.  The  Cox  propor¬ 
tional  hazards  model  was  used  to  determine  the  relative 
contributions  of  p27  and  the  other  covariates  to  the  risk  of 
biochemical  recurrence.  All  calculations  were  performed  us¬ 
ing  statistical  software. 

RESULTS 

Patient  characteristics.  Mean  patient  age  at  radical  pros¬ 
tatectomy  was  63.1  years  (range  48  to  77,  table  1).  All  pa¬ 
tients  had  clinically  localized  disease  (T1  or  T2)  and  were 
followed  postoperatively  for  a  minimum  of  2  years,  with  a 
mean  followup  of  39.81  months  and  median  followup  of  40 
months.  Of  the  specimens  48  (55.8%)  were  pathological  stage 
T2a-c,  19  (22.1%)  T3a-b,  10  (11.6%)  T3c,  7  (8.1%)  T4  and  2 
(2.3%)  stage  N1/N2  (both  in  patients  who  had  either  patho¬ 
logical  T3C  or  T4  tumors).  Taking  into  account  only  the 
highest  tumor  grade  in  each  radical  prostatectomy  specimen, 
16  tumors  (18.6%)  had  a  Gleason  score  of  5,  25  (29.1%) 
Gleason  score  of  4,  42  (48.8%)  Gleason  score  of  3  and  3 
(3.5%)  Gleason  score  of  2.  Overall  26.7%  of  patients  (23)  had 
a  PSA  defined  biochemical  recurrence  during  followup. 

Univai'iate  analysis.  The  relationship  between  p27  expres¬ 
sion  and  biochemical  relapse  was  examined  initially  in  an 
univariate  analysis  (table  2).  Based  on  a  prior  report  of  p27 
expression  in  breast  cancer,  cases  were  classified  as  being 
high  or  low  p27  expressors.  Patients  with  low  p27  expression 
(less  than  30%  positive  staining)  tended  to  have  a  higher  risk 
of  PSA  recurrence  than  those  with  high  levels  of  p27  expres¬ 
sion  (30%  or  greater),  although  this  difference  did  not  reach 


Table  1.  Patient  demographics  and  tumor  chai'acteristics 


Pt.  Characteristics 

No 

Recurrence 

Recurrence 

Overall 

Total  No.  pts.  (%) 

63  (73.3) 

23  (26.7) 

86 

Mean  ago  ±  SD 

62.5  ±  7.2 

64.9  ±  6.7 

63.1  ±  7.1 

No.  pathological  stage  (%): 

T2a-c 

41  (85.4) 

7(14.6) 

48  (55.8) 

T3a-b 

15  (78.9) 

4(21.1) 

19(22.1) 

T3c 

3  (30.0) 

7  (70.0) 

10(11.6) 

T4 

4(57.1) 

3  (42.9) 

7  (8.1) 

Nl,2 

0  (0) 

2  (100) 

2  (2.3) 

Mean  preop.  PSA  ±  SD  ( ng./dl. )''■ 

10.8  ±  10.2 

14.3  ±  17.8 

11.8  ±  12.6 

No.  po.stop.  Gleason  grade  C^  ):! 

1 

0 

0 

0 

2 

3  (100) 

0  (0) 

3  (3.5) 

3 

33  (78.6) 

9(21.4) 

42  (48.8) 

4 

17  (68.0) 

8(32.0) 

25  (29.1) 

5 

10  (62.5) 

6(37.5) 

16(18.6) 

No.  p27  Staining  (%): 

Low  expressors:|: 

7  (50.0) 

7  (50.0) 

14(16.3) 

High  expressorsii 

56  (77.8) 

16  (22.2) 

72  (83.7) 

Three  patients  did  not  have  preoperative  PSA  values, 
t  Areas  of  tumor  that  represented  the  highest  Gleason  grade  were  identified 
and  scored  in  each  immunostained  specimen. 

rj;  Specimens  with  less  than  307f  cells  staining  overall  for  p27. 

§  Specimens  with  S07r  or  greater  cells  staining  overall  for  p27. 


Table  2.  Univariate  analysis  of  clinicopathological  factors  and 
recurrence 


Clinicopathological  Factors 

Parameter 

Estimate 

Wald  Test 
p  Value 

Risk  Ratio 
(95%'  Cl) 

Pathological  stage 

1.732 

0.0001 

5.65  (2.46-13.01) 

Gleason  grade! 

0.420 

0.096 

1.52  (0.93-2.50) 

p27  Staining! 

0.789 

0.082 

2.20  (0.91-5.36) 

Preop.  PSA^ 

0.630 

0.146 

1.88  (0.80-4.40) 

Age 

0.019 

0.550 

1.02  (0.96-1.08) 

Cox  proportional  hazard  regression  analysis  was  used  to  assess  the  relation¬ 
ship  of  each  of  the  clinicopathological  factors  with  biochemical  relapse,  includ¬ 
ing  p27  staining,  preoperative  PSA,  Gleason  grade  and  pathological  stage. 

Dichotomized  as  lower  pathological  stage  (T2a-cAr3a-b)  and  higher  patho¬ 
logical  stage  {T3c/T4/Nl,2). 

t  The  highest  Gleason  grade  in  each  specimen  was  used  for  analysis. 

i  Dichotomized  as  low  p27  expression  (less  than  30%  staining)  and  high  p27 
expression  (307^  or  greater  staining). 

§  Dichotomized  as  lower  preoperative  PSA  (less  than  10  ng./dl.)  and  higher 
preoperative  PSA  (10  ng./dl.  or  greater).  The  cutoff  was  based  on  the  median  of 
all  preoperative  PSA  values. 


statistical  significance  in  a  univariate  analysis  (p  =  0.082). 
Of  the  other  covariates  examined  only  pathological  stage 
correlated  significantly  with  biochemical  relapse  (p  = 
0.0001),  while  Gleason  grade  and  preoperative  PSA  did  not 
reach  statistical  significance  (p  =  0.096  and  p  —  0.146,  re¬ 
spectively). 

We  also  studied  the  relationship  between  p27  and  the 
covariates  of  age,  PSA,  Gleason  grade  and  pathological  stage 
(table  3).  There  was  a  significant  inverse  relationship  be¬ 
tween  p27  staining  and  Gleason  grade,  with  low  p27  staining 
correlating  with  higher  Gleason  scores  (Spearman’s  rank 
correlation  coefficient  -0.221,  p  =  0.041).  There  was  no  re¬ 
lationship  between  p27  staining  and  age,  preoperative  PSA 
or  pathological  stage. 

Multivariate  analysis.  A  Cox  proportional  hazards  model 
was  constructed  to  assess  the  contributions  of  p27  and  other 
covariates  to  the  risk  of  biochemical  relapse.  Among  factors 
studied  only  low  p27  protein  expression  and  high  pathologi¬ 
cal  stage  (T3c,  T4,  Nl-2)  predicted  for  PSA  recurrence  after 
radical  prostatectomy  for  clinically  localized  disease  (p  = 
0.0184  and  p  =  0.0001,  respectively,  table  4).  The  relative 
risk  of  PSA  recurrence  for  patients  expressing  low  amounts 
of  p27  compared  with  those  expressing  high  amounts  of  PSA 
was  3.04.  Likewise,  the  relative  risk  of  disease  relapse  for 
patients  with  higher  pathological  stage  (T3c,  T4,  Nl-2)  com¬ 
pared  with  lower  pathological  stage  (T2a-c,  T3a-b)  was  6.73. 

Although  the  univariate  analysis  revealed  no  correlation 
between  p27  and  pathological  stage,  suggesting  that  p27  is 
not  a  surrogate  marker  for  pathological  stage,  we  wanted  to 
test  whether  p27  could  predict  recurrence  when  the  67  pa¬ 
tients  with  pathologically  stage  T2a-T3b  tumors  were  sepa¬ 
rated  from  the  19  with  T3c-N2  tumors.  Cases  of  T3c-N2 
tumors  virtually  all  recur  with  time,  while  there  is  currently 
no  accurate  way  to  predict  which  cases  with  T2a-3b  disease 
will  relapse.  Multivariate  analysis  revealed  a  highly  signifi¬ 
cant  correlation  between  low  p27  expression  and  risk  of  PSA 
recurrence  among  patients  with  pathological  T2a-3b  disease, 
with  a  relative  risk  of  4.99  (p  =  0.0081,  table  4).  This  result 
is  depicted  in  a  Kaplan-Meier  survival  plot  in  figure  2.  This 
correlation  was  also  present  among  patients  with  high  stage 


Table  3.  Univariate  analysis  of  p27  staining  and 
clinicopathological  factors 


Type  of  Analysis 

Correlation  Coefficient 

p  Value 

p27  Staining  and  Gleason  grade 

—0.221  Spearman 

0.041 

p27  Staining  and  pathological  stage 

-0.025  Spearman 

0.818 

p27  Staining  and  preop.  PSA 

-0.11  Pearson 

0.319 

p27  Staining  and  age 

-0.086  Pearson 

0.432 

Spearman's  rank  and  Pearson’s  correlation  coefficients  were  used  to  assess 
the  relationship  between  p27  staining  and  clinicopathological  factors  of  Glea¬ 
son  grade,  pathological  stage,  preoperative  PSA  and  age. 
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Tabli<:  4.  Multivariate  analysis  of  the  association  among  p27, 
pathological  stage  and  recurrence 


Covariates  Selected 

Parameter 

Estimate 

Wald  Test 
p  Value 

Risk  Ratio  (957.  Cl) 

All  pis.: 
p27  Staining 

1.11 

0.0184 

3.04-  (1.21-7.64) 

I  Pathological  stages 

1.91 

0.0001 

6.73t  (2.83-16.01) 

Pts.  with  T2a-c/'r.3a-b  patho¬ 
logically  staged  tumors: 
p27  Staining 

1.61 

0.0081 

4.99- (1.52-16.39) 

Cox  proportional  hazard  regression  model  was  used  to  study  the  association 
between  different  clinicopathological  factors.  Analysis  was  performed  on  all 
patients  and  a  subset  of  patients  with  pathologically  staged  T2a-c/T3a-b  tu- 
moi’s.  Age,  p27  staining,  preoperative  PSA,  Gleason  grade,  and  pathological 
stage  were  included  ns  covariates  for  the  first  analysis.  Stepwise  procedure 
selected  pathological  stage  and  p27  staining  as  the  most  significant  prognostic 
factoi's.  Pathological  stage  was  dichotomized  as  T2a-c/T3a-b  versus  T3c/T4/ 
Nl-2.  Age,  p27  staining,  preoperative  PSA  and  Gleason  grade  were  included  as 
covariates  for  the  latter  analysis.  Stepwise  procedure  selected  p27  staining  as 
the  sole  significant  prognostic  factor. 

Comparing  the  prognosis  of  low  p27  expression  to  high  p27  staining. 

1-  (Comparing  the  prognosis  of  high  pathological  stage  to  low  pathological 
stage. 

prostate  cancer,  although  the  small  sample  size  (19)  pre¬ 
cluded  this  from  reaching  statistical  significance  (data  not 
shown). 

DISCUSSION 

The  pathological  stage  and  Gleason  grade  of  the  tumor  are 
powerful  predictors  of  prognosis  among  patients  with  pros¬ 
tate  cancer  treated  by  radical  prostatectomy.  Patients  with  a 
pathological  stage  T3c  or  higher  tumor  have  a  75%  probabil¬ 
ity  of  cancer  recurrence  within  5  years  of  surgery.  In  con¬ 
trast,  patients  with  lower  stage  tumors  (pathological  stage 
T2a-c,  T3a-b)  have  a  10  to  20%  risk  of  PSA  recurrence  within 
5  years  of  treatment.  At  this  time  no  independent  prognos¬ 
tic  factor  better  than  preoperative  PSA  and  Gleason  score 
has  been  found  that  can  predict  which  T2a-c/T3a-b  tumors 
will  recur  following  radical  prostatectomy. 

While  there  was  a  trend  for  the  preoperative  PSA  to  predict 
the  later  occurrence  of  biochemical  relapse,  this  trend  did  not 


reach  statistical  significance  in  either  the  univariate  or  mul¬ 
tivariate  analysis.  While  other  authors  have  found  a  stronger 
correlation  between  preoperative  PSA  and  outcome  following 
radical  prostatectomy,^*^’ our  study  revealed  a  weaker  rela¬ 
tionship  possibly  due  to  differences  in  patient  selection.  All 
patients  evaluated  in  this  study  had  clinically  organ  confined 
tumors  and  relatively  low  preoperative  PSA  levels  (average 
PSA  11.8).  Starting  with  a  group  that  had  a  narrower  range 
of  PSA  levels  may  have  limited  the  ability  of  the  preoperative 
PSA  to  predict  tumor  recurrence  following  surgery. 

Multivariate  analysis  demonstrated  a  statistically  signifi¬ 
cant  inverse  relationship  between  p27  expression  and  the 
risk  of  PSA  recurrence  (p  =  0.0184).  More  strikingly  and 
usefully,  low  p27  expression  was  able  to  separate  a  group  of 
cases  at  high  risk  to  recur  despite  otherwise  favorable  patho¬ 
logical  features.  Among  patients  with  pathological  T2a-T3b 
tumors,  those  with  tumors  expressing  low  levels  of  p27  had  a 
significantly  higher  chance  of  cancer  relapse  during  a  5-year 
period  (p  =  0,0081)  than  those  with  high  levels  of  p27  ex¬ 
pression.  These  results  are  comparable  to  those  recently  re¬ 
ported  for  breast  and  colorectal  cancers.  In  colorectal  cancer, 
in  particular,  it  was  found  that  p27  expression  significantly 
improved  the  prediction  of  recurrence  among  patients  with 
stage  II  disease,  a  group  in  many  ways  analogous  to  the 
group  with  T2-T3b  prostate  cancer.-^  In  addition,  given  that 
the  mean  followup  of  this  study  population  is  only  36  months, 
it  is  certainly  possible  that  the  correlation  between  p27  and 
biochemical  relapse  will  become  even  stronger  with  longer 
followup. 

In  a  recent  editorial  about  p27  Steeg  and  Abrams  argued 
that  novel  biological  markers  needed  to  pass  3  hurdles  before 
entering  clinical  use:  1)  a  new  marker  must  provide  informa¬ 
tion  independent  of  conventional  pathological  markers,  2) 
this  marker  should  provide  information  that  can  alter  treat¬ 
ment  decisions  and  3)  studies  with  a  new  marker  should  be 
reproducible. As  a  novel  marker  for  prostate  cancer,  p27 
appears  able  to  meet  the  first  2  criteria.  The  level  of  p27 
expression  provides  independent  information  about  progno¬ 
sis  among  patients  treated  with  radical  prostatectomy  and, 
in  particular,  is  the  only  predictor  of  disease  recurrence 
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Fk;.  2.  Overall  disease  specific  survival  in  patients  with  pathologically  staged  T2a-c/T3a-b  tumors.  Kaplan-Meier  method  was  used  to 
estimate  survival  function  and  plot  data  for  all  patients  whose  status  at  followup  was  known  (p  =  0.0081,  risk  ratio  4.99). 
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among  patients  with  T2-T3b  cancers  in  our  study.  Identifi¬ 
cation  of  cases  likely  to  fail  surgical  monotherapy  has  the 
potential  to  alter  treatment  decisions  by  selecting  those  that 
may  benefit  from  adjuvant  systemic  therapy,  although  the 
benefit  of  adjuvant  therapy  in  prostate  cancer  has  not  been 
established.  Clearly,  additional  studies  replicating  these  re¬ 
sults  will  be  necessary  to  establish  a  role  for  p27  in  the  clinic, 
which  has  already  been  done  for  breast  cancer. p27  also 
needs  to  be  assessed  as  a  preoperative  marker  by  prospec¬ 
tively  analyzing  prostate  biopsies  before  prostatectomy. 

From  a  biological  standpoint,  these  data  suggest  that  p27 
may  have  an  important  role  in  either  the  initiation  or  pro¬ 
gression  of  prostate  cancer.  The  expression  of  p27  in  normal 
prostate  by  secretory  cells,  which  are  terminally  differenti¬ 
ated,  and  not  basal  cells,  which  are  actively  dividing,  sug¬ 
gests  that  p27  may  have  an  important  role  in  the  regulation 
of  normal  prostatic  growth.  Whether  p27  functions  in  pros¬ 
tate  cancer  as  a  cell  cycle  inhibitor  or  whether  it  has  alter¬ 
native  functions,  such  as  a  regulator  of  cell  adhesion,  re¬ 
mains  to  be  defined.  Regardless,  restoration  of  normal  p27 
gene  expression  by  interfering  with  posttranslational  p27 
degradation  may  represent  an  attractive  approach  for  pros¬ 
tate  cancer  therapy  in  the  future. 

CONCLUSIONS 

Absent  or  decreased  p27  protein  expression  appears  to  be 
an  adverse  prognostic  factor  in  patients  with  clinically  local¬ 
ized  prostate  cancer  treated  with  radical  prostatectomy.  The 
presence  or  relative  absence  of  p27  protein  expression  was 
able  to  discriminate  between  patients  at  high  and  low  risk  of 
recurrence,  particularly  among  those  with  pathological  T2a- 
cATSa-b  tumors.  In  so  doing  p27  has  the  potential  to  select 
patients  who  may  benefit  from  adjuvant  systemic  therapy. 
Furthermore,  since  p27  appears  to  have  a  role  in  normal 
prostate  cell  cycle  regulation,  restoration  of  normal  p27  pro¬ 
tein  expression  may  be  a  potential  route  by  which  prostate 
cancer  may  be  manipulated  therapeutically. 
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CAti  DOWN -REGULATION  OF  P27  IN  ADENOCARCINOMA  OF 
PROSTATE  AFTER  ANDROGEN  ABLATION 
V.C.  Cai,  M.  McMcnamin,  C.  Magi-Galluzzi,  E.  Macri,  R  Montironi,  M.  Loda 
Departments  of  Pathology,  Brigham  and  Women’s  Hospital,  and  Adult  Oncology. 
Dana  Faiber  Cancer  Institute,  Harvard  Medical  School,  Boston,  MA,  Ospcdale  Civile 
di  Belluno,  and  University  of  Ancona,  Italy 

ground:  p27  is  a  negative  regulator  of  the  cell  cycle.  Low  expression  has  been 
associated  with  poor  prognosis  in  patients  with  organ-confined  adenocarcinoma  of 
prostate.  Low  p27  expression  in  patients  treated  with  total  androgen  ablation  (TAA) 
was  found  to  be  a  powerful  predictor  of  poor  outcome  in  a  limited  database.  In 
addition,  castration  is  known  to  down-rcgulate  p27  in  rat  prostates, 
gjsto  Routinely  processed  tissue  sections  of  either  transurethral  resections  or 
radical  prostatectomies  of  156  patients  with  prostatic  adenocarcinoma,  including  88 
untreated  and  68  treated  with  TAA  for  a  minimum  of  3  months,  were 
inununohistochemically  stained  with  anti-p27  antibody.  Tumors  with  >50%  cells  with 
strong  nuclear  p27  staining  were  regarded  as  positive. 

pesultsi  p27  expression  decreased  in  patients  previously  treated  with  TAA,  compared 
to  untreated  tumors.  _ 


Untreated  (n=88) 

Treated  (n=68) 

p27  +  (>50%) 

44  (50%) 

-23  (34%) 

p=  0.043  (Chi-Square) 

(;nnclusionsi  p27  is  down-regulated  in  residual  prostatic  adenocarcinoma  after  3 
months  of  TAA.  TAA  may  select  for  p27  negative  tumor  cells. 


prognostic  significance  of  GLEASON  SCORE  3+4  VERSUS 
GLEASON  SCORE  4+3  TUMOR  AT  RADICAL  PROSTATECTOMY. 
TY  Chan,  AL  Partin,  PC  Walsh,  JI  Epstein.  The  Johns  Hopkins  Hospital.  Baltimore 
MD. 

Background:  The  clinical  significance  of  Gleason  scores  3+4  vs.  4+3  tumor  at  radical 
prostatectomy  (RRP)  has  not  been  well  defined.  Design:  Of  2390  men  who  underwent 
RRP,  570  had  Gleason  score  7  tumors  with  no  lymph  node  metastases,  seminal  vesicle 
invasion  or  tertiary  Gleason  pattern  5.  Cases  were  evaluated  for  biochemical 
recurrence  (PSA  progression)  and  distant  metastases.  Results:  80%  of  patients  had 
Gleason  score  3+4,  while  20%  had  Gleason  score  4+3.  The  rates  of  established 
extraprostatic  extension  at  RRP  for  Gleason  scores  3+4  and  4+3  tumors  were  35%  and 
53%,  respectively  (P=0.008).  With  a  mean  follow-up  of  4.6  years  for  men  without 
progression,  Gleason  score  4+3  tumors  had  an  increased  risk  of  progression 
independent  of  stage  and  margin  status  (P<0.001).  The  5  year  actuarial  risks  of 
progression  were  15%  and  40%  for  Gleason  scores  3+4  and  4+3  tumors,  respectively. 
Mean  time  to  progression  was  4.4  years  for  Gleason  score  3+4  tumors  and  3.2  years  for 
Gleason  score  4+3  tumors.  We  stratified  cases  into  4  prognostic  groups  based  on  organ- 
confined  status,  margin  status,  and  Gleason  score  3+4  vs.  4+3.  Their  5  year  actuarial 
risks  of  progression  were  10%,  35%,  45%,  and  61%  with  10  year  progression  rates  of 
29%,  42%,  69%,  and  84%.  18  patients  with  Gleason  score  3+4  and  12  with  Gleason 
score  4+3  tumors  developed  metastatic  disease  at  a  mean  of  5.7  and  5.6  years, 
respectively.  Gleason  score  3+4  vs.  4+3  was  predictive  of  metastatic  disease 
(P=0.002),  but  not  local  recurrence.  Conclusion:  Gleason  score  7  tumors  are 
heterogeneous  in  their  biologic  behavior.  There  are  significant  differences  in  prognosis 
in  tumors  with  Gleason  scores  3+4ajid  4+3  at  RRP.  Whereas  the  assessment  of  percent 
pattern  4  at  RRP  is  not  likely  to  be  reproducible,  the  distinction  of  Gleason  score  3+4 
vs.  4+3  should  be  easier  for  pathologists  to  perform. 


CORRELATION  BETWEEN  BIOPSY  AND  RADICAL 
CYSTECTOMY  IN  GRADING  AND  INVASION  ACCESSMENT  OF 
BLADDER  UROTHELUL  CARCINOMA.  B.S.Chang,  X.J.Yang.  The 
University  of  Chicago.  Chicago,  IL. 

Background:  Muscular  propria  (MP)  invasion  by  bladder  urothelial  carcinoma 
(UC)  on  biopsy  has  U-aditionally  been  the  indicator  for  radical  cystectomy  (RC).  The 
purpose  of  this  study  was  to  evaluate  the  effectiveness  of  this  indicator. 

D«ign:  Ninety-three  RCs  with  corresponding  biopsies  (Bx)  including  transurethral 
resections  were  selected  from  118  RCs  performed  between  1992  and  1999. 
Histologic  grades  and  invasiveness  of  UC  from  Bx  and  RC  were  compared. 

R«Hlts:  For  histologic  grading,  there  was  a  complete  agreement  between  Bx  and 
RC  in  53  of  79  cases  (67%);  down-grading  in  13%  cases;  up-grading  in  15%  case 
from  biopsy,  or  not  available  in  5%.  All  variations  are  within  one  grade.  Invasion 
was  categorized  by  assessment  of  deepest  degree  of  penetration,  either  as  not 
specified  (NS)  or  no  evidence  of  tumor  (NET),  carcinoma  in  situ  (CIS),  lamina 
propna  (LP),  muscular  propria  (MP),  or  extravesicular  fat  (EV).  Metastasis  (MT) 
was  defined  as  tumor  involvement  of  pelvic  lymph  nodes. 

Bx\RC  ns  net  CIS  LP  MP  EV  MT  Total 

NS  12  10  0  10  5 

CIS  0  14  10  0  1  7 

LP  0  3  5  5  1  1  7  22 

MP _ ! _ 7__  1  2  13  11  24  59 

Total  2  13  11  8  14  13  32  93 

Conclusion:  There  is  t  good  correlation  between  biopsy  and  RC  in  histologic 
grades.  The  presence  of  MP  invasion  on  bladder  biopsy  failed  to  demonstrate  tumor 
invasion  beyond  MP  in  59%  of  cases  including  metastases.  The  presence  of  LP 
invasion  on  biopsy  failed  to  reveal  invasion  beyond  LP  in  41%  of  cases.  A  better 
indicator  for  RC  should  be  investigated.  Earlier  treatment  of  high  grade  invasive  UC 
of  the  bladder  may  be  appropriate. 

BILATERAL  TESTICULAR  GERM  CELL  TUMORS  (GCT): 

20 -YEAR  EXPERIENCE  AT  A  CANCER  CENTER.  M  Che,  P 
Tamboli,  RJ  Amato,  Ro,  AG  Ayala.  The  University  of  Texas  MD  Anderson 
Cancer  Center,  Houston  TX. 

Background:  Bilateral  primary  testicular  GCT  (BTGCT)  are  uncommon. 
Incidence  of  2  to  5%  is  reported  in  the  literature,  with  seminoma  being  the  most 
common  synchronous  and  metachronous  GCT  in  both  testes. 

Design:  This  is  a  clinico-pathologic  study  of  23  patients  (pts)  with  BTGCT. 
These  represent  1%  of  2256  pts  treated  at  our  institution  from  1978  to  1999. 
Bgsiilts:  Pts’  mean  age:  28  years  (range:  17  to  46).  3/23  (13%)  pts  had 
synchronous  tumors,  while  20/23  (87%)  had  metachronous  tumors.  Of  3  pts 
with  synchronous  tumors,  2  had  seminoma  on  both  sides,  and  1  had  seminoma 
on  one  side  and  nonseminomatous  GCT  (NSGCT)  on  the  other  side,  in  the 
metachronous  group  (20  pts),  the  first  tumor  was  a  seminoma  in  9  and  NSGCT 
in  1 1.  The  second  tumors  were  10  seminomas  and  10  NSGCT,  which  developed 
after  a  median  interval  of  42  months  (range:  14  to  180).  Of  the  9  pts  with 
seminoma  as  the  first  tumor,  7  developed  seminoma  in  the  opposite  testis  and  2 
developed  NSGCT.  Of  the  1 1  pts  with  NSGCT,  8  developed  NSGCT  in  the 
opposite  testis  and  3  developed  seminoma.  Median  follow-up  after  the  second 
tumor  was  34  months  (range:  2  to  245).  All  pts  were  alive  without  evidence  of 
disease  following  the  second  GCT. 

Conclusion:  Our  incidence  of  BTGCT,  diagnosed  over  the  past  20  years,  is  1% 
of  all  testicular  GCT;  this  is  less  than  2  to  5%  reported  in  the  literature. 
Furthermore,  in  contrast  to  the  literature,  only  50%  of  our  patients  developed 
seminoma  on  the  contralateral  side  (up  to  75%  in  the  literature).  These  findings 
may  have  potentially  important  implications  for  patient  management. 


547  Results  and  Percent  Free  PSA  Levels  in  Patients  with 

Elevated  Total  PSA  Levels  between  4.0  and  10.0  ng/tnl 
Chand  EM,  Stewart  CT,  Lee  JR.  Medical  College  of  Georgia  &  VAMC,  Augusta,  GA 
Background:  Prostatic  specific  antigen  (PSA)  is  considered  to  be  the  most  useful 
parameter  in  the  detection  of  prostate  cancer.  Elevated  PSA  levels  greater  than  10  ng/ml 
arc  seen  in  prostatic  adenocarcinoma.  PSA  levels  less  than  4  ng/ml  have  been  reported 
'wih  benign  pathology.  Therefore,  a  gray  zone  exists  between  4  and  10  ng/ml,  \riiich 
causes  the  clinician  to  question  the  need  for  a  biopsy.  The  evaluation  of  the  percent  free 
PSA  is  reported  to  improve  the  sensitivity  of  the  PSA  within  this  gray  zone. 

A  retrospective  study  was  performed  looking  at  patients  with  free  and  total 
s«nim  PSA  levels,  particularly  in  the  subset  with  a  total  PSA  levels  between  4.0  and  10.0 
“g/ml.  The  biopsy  result,  free  PSA,  and  percent  free  PSA  in  these  patients  were 
^viewed,  along  with  the  digital  rectal  exam,  prostate  volume,  and  PSA  density. 
fiSalts:  Between  June  1998  and  July  1999,  200  patients  had  a  total  and  free  PSA  level 
perfonned.  Of  these, '54  patients  had  biopsies  evaluated.  The  target  subset  of  total  PSA 
^cls  between  4,0  and  10.0  ng/ml  included  42  patients.  The  biopsy  results  revealed 
ciffonic  inflammation  in  30  of  the  42  patients  (71%),  with  the  mean  %  free  PSA  17.7, 
and  a  range  of  5  to  30.  Prostatic  adenocarcinoma  was  seen  in  1 1  biopsies 
W%)  with  the  mean  of  the  %  free  PSA  13.64,  Std  Dev  =4.78,  with  a  range  of  8  to  23. 
Inc  differences  between  the  means  of  the  %  free  PSA  in  the  patients  with  chronic 
“^animation  and  prostatic  adenocarcinoma  were  statistically  significant  (T  test  =0.028). 
*ne  lone  biopsy  with  no  pathology  had  a  PSA  level  of  7.3  with  a  %  free  PSA  level  of  10. 
^^SUuions:  Within  the  gray  zone,  a  high  (>25)  %  free  PSA  level  implies  a  low  risk  of 
3l  Study  shows  that  the  mechanism  that  binds  the  PSA  with  adenocarcinoma 

binds  the  PSA  with  chronic  inflammation  to  a  slightly  higher  level.  The  threshold  for 
6  free  PSA  should  possibly  be  lowered  from  25  to  20,  decreasing  the  number  of  biopsies 
fre  conditions.  In  our  study,  10  of  the  30  (33%)  patients  with  inflammation  had  % 
c  Sa  levels  greater  than  20.  Only  1  carcinoma  patient  had  a  level  greater  than  20. 


550  Risk  of  Prostate  Cancer  Death  in  Patients  with  Lymph  Node  Metastasis 

L  Cheng L2  j-j  Zincke^,  ML  Blute^,  EJ  Bergstralh^,  DG  Bostwick^.  Depts.  of 
Pathology^  and  Urology-.  lU  School  of  Medicine,  Indianapolis,  IN;  Dept,  of  Urology^, 
Biostatistics'*,  and  the  Department  of  Pathology^,  Mayo  Clinic,  Rochester,  MN;  Bostwick 
Laboratories^,  Richmond,  VA. 

Background:  The  presence  of  lymph  node  metastasis  is  a  poor  prognostic  sign  for  prostate 
cancer  patients.  Design:  We  analyzed  3463  consecutive  Mayo  Clinic  patients  who  were 
treated  by  radical  prostatectomy  and  bilateral  pelvic  lymphadenectomy  for  prostate  cancer 
between  1987-1993.  Of  these  patients,  322  had  lymph  node  metastasis  at  the  time  of 
surgery,  and  297  node-positive  patients  also  received  adjuvant  hormonal  therapy  within  90 
days  of  surgery.  Mean  follow-up  was  6.3  years.  Progression  was  defined  by  elevation  of 
serum  prostate-specific  antigen  (PSA)  after  surgeiy,  development  of  local  recurrence  or 
distant  metastasis.  Results:  Five-year  and  10-year  cancer-specific  survival  for  patients  with 
lymph  node  metastatsis  were  94%  and  83%,  respectively.  Among  patients  with  single 
lymph  node  metastasis.  5-year  and  10-year  cancer  specific-survival  was  99%  and  94%, 
respectively.  After  adjustment  for  extraprostatic  extension,  seminal  vesicle  invasion. 
Gleason  grade,  surgical  margins,  DNA  ploidy,  preoperative  PSA  concentration,  and 
adjuvant  therapy,  hazard  ratio  for  prostate  cancer  death  among  patients  with  single  lymph 
node  metastasis,  in  comparison  to  those  without  lymph  node  metastasis,  was  1.5  (95% 
confidence  interval,  0.5-5. 0;  p=0.478).  There  was  no  significant  difference  in  progression- 
free  survival  among  patients  with  or  without  lymph  node  metastasis  in  multivariate  analysis 
after  controlling  for  all  relevant  variables  including  treatments  (hazard  ratio,  1.0;  95%  Cl, 
0.7- 1 .3;  p=0.90).  Conclusions:  Prostate  carcinoma  patients  with  regional  lymph  node 
metastasis  had  increased  risk  of  cancer  death,  whereas  patients  with  single  lymph  node 
involvement  appear  to  have  a  favorable  prognosis  after  radical  prostatectomy  and 
immediate  adjuvant  hormonal  therapy.  Excellent  local  cancer  control  was  achieved  by 
combined  surger,’  and  adjuvant  hormonal  therapy  in  lymph  node-positive  patients. 
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